The mechanism of mixed hydride reductions of organic functional groups by Cooke, Burgess John Albert
I 
In presenting the dissertation as a partial fulfillment of 
the requirements for an advanced degree from the Georgia 
Institute of Technology, I agree that the Library of the 
Institute shall make it available for inspection and 
circulation in accordance with its regulations governing 
materials of this type. I agree that permission to copy 
from, or to publish from, this dissertation may be granted 
by the professor under whose direction it was written, or, 
in his absence, by the Dean of the Graduate Division when 
such copying or publication is solely for scholarly purposes 
and does not involve potential financial gain. It is under­
stood that any copying from, or publication of, this dis­
sertation which involves potential financial gain will not 
be allowed without written permission. 
I u 
3 / 1 7 / 6 5 
b 
T H E MECHANISM OF MIXED HYDRIDE REDUCTIONS 
OF ORGANIC FUNCTIONAL GROUPS 
A T H E S I S 
P resen ted to 
The F a c u l t y o f the Graduate D i v i s i o n 
by 
B u r g e s s John A l b e r t Cooke 
I n P a r t i a l F u l f i l l m e n t 
o f the Requirements f o r the Degree 
Master o f Science i n Chemis t ry 
Georgia I n s t i t u t e o f Technology 
June, 1 9 6 8 
T H E MECHANISM OF MIXED HYDRIDE REDUCTIONS 
OF ORGANIC FUNCTIONAL GROUPS 
Approved: 
Chapman : 0~ 
A / n 
*2g 
-f-—7-
Date Approved by Chairman: YJL^ I { L8 
1 1 
ACKNOWLEDGMENTS 
I w i s h to thank D r . Eugene C. Ashby f o r sugges t i ng t h i s problem 
and a l s o f o r h i s advice which proved to be so i nva luab le f o r the success ­
f u l conc lus ion o f t h i s work . I a l s o w i s h t o thank D r s . Leon H . Zalkow 
and D r u r y S . Caine f o r s e r v i n g on the reading committee, and f o r t h e i r 
h e l p f u l comments and s u g g e s t i o n s . Thanks are a l s o o f f e r e d to the 
N a t i o n a l Aeronau t i cs and Space A d m i n i s t r a t i o n f o r the t r a i n e e s h i p which 
f u r n i s h e d me w i t h f i n a n c i a l suppo r t . I a l s o w i s h to e x p r e s s appre­
c i a t i o n to my f a m i l y and f r i e n d s f o r t h e i r continued he lp and en­
couragement . 
i i i 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGEMENTS i i 
LIST OF TABLES v 
LIST OF FIGURES v i 
SUMMARY , viii 
Chapter 
I. INTRODUCTION AND HISTORICAL BACKGROUND 1 
II. EQUIPMENT, CHEMICALS AND PURIFICATION PROCEDURES .... 19 
III. SYNTHETIC WORK 
A) 1 , 1 , 2 - t r i p h e n y l e t h a n o l 25 B) Triphenylethylene Oxide 26 1 ) l , l , 2 - t r i p h e n y l - 2 - b r o m o e t h a n o l 26 2) Triphenylethylene Oxide 27 C) 2 , 2 , 2 - t r i p h e n y l e t h a n o l 27 D) 1 , 2 , 2 - t r i p h e n y l e t h a n o l 28 E) E x o - 2 - n o r b o r n e o l 29 F) 7-norborneol 30 G) 2 ,^^- tr imethy lpentano l 3 1 H) 2 , ^ - t r i m e t h y l p e n t e n - l - o l - 3 33 
1 ) 3 > 5 - d i n i t r o b e n z o a t e o f 2 , 4 , ^ - t r i m e t h y l -
p e n t e n - l - o l - 3 33 
2) 2 , U , 4 - t r i m e t h y l p e n t e n - l - o l - 3 33 
IV. ANALYTICAL PROCEDURES 
A) Inorganic Reagents 35 1) Sampling Procedures , 35 2) Aluminum Analyses . . . , 35 3) Hal ide Analyses 36 B) Product Rat ios From Mixed Hydride Reduct ions 37 1) '" Styrene Oxide and i t s Products 38 2) Tr iphenyle thylene Oxide and i t s Products ko 3) Exo-Norbornene Oxide and i t s Products hO k) p-di isobutylene Oxide and i t s Products k2 
i v 
T A B L E OF CONTENTS (Cont inued) 
Chapter ' Page 
V . MIXED HYDRIDE REDUCTIONS 
A) S t y r e n e Oxide kk 
, B ) exo-Norbornene Oxide . . . . . '46 
C) p - d i i s o b u t y l e n e Oxide 48 
V I . R E S U L T S AND DISCUSSION 6 6 
V I I . APPENDIX AND SAMPLE CALCULATIONS ' 1 0 6 
L I T E R A T U R E CITED 1 1 7 
V 
V 
L I S T OF T A B L E S 
Tab le Page 
1. F u n c t i o n a l Groups Reduced by L i t h i u m Aluminum Hydr ide . . . . 2 
2. P roduc ts o f V a r i o u s Mixed Hydr ide Reduct ions on 
p - d i i s o b u t y l e n e Oxide . 17 
3 . Vapor Phase Chromatography Data on S t y r e n e Oxide and i t s 
Reduct ion Produc ts 3 9 
k. Chromatography Cond i t i ons Used i n At tempts to Separate 
1,1,2-, 1,2,2-, and 2,2,2 - t r ipheny le thanol h-0 
5> Vapor Phase Chromatography Data on exo-Norbornene Oxide and 
i t s Reduct ions Produc ts kl 
6. Vapor Phase Chromatography Data on ( 3 - d i i s o b u t y l e n e Oxide and 
i t s Reduct ion Produc ts h-3 
7- Product R a t i o s f rom Reduct ions o f S t y r e n e Oxide by V a r i o u s 
L i t h i u m Aluminum Hydr ide-Aluminum Ch lo r i de combinat ions . . . 67 
8. Product R a t i o s f rom Reduct ions o f ^ - d i i s o b u t y l e n e Oxide 
w i t h V a r i o u s L i t h i u m Aluminum Hydr ide-Aluminum Ch lo r i de 
comb i n a t i o n s 72 
9 . Product R a t i o s f rom Reduct ions o f p - d i i s o b u t y l e n e Oxide w i t h 
V a r i o u s L i t h i u m Aluminum Hydr ide-Aluminum Ch lo r i de com­
b i n a t i o n s as Te t rahyd ro fu rana tes and T r i e t h y l a m m i n a t e s . . . . 73 
10. Product R a t i o s f rom Reduct ions o f p - d i i s o b u t y l e n e Oxide 
w i t h V a r i o u s L i t h i u m Aluminum.Hydr ide-Aluminum Bromide o r 
Iod ide combinat ions 7 4 
11. R a t i o o f TMPOH-2 t o TMP0H-3 a r i s i n g f rom Mixed Hydr ide 
Reduct ions o f p - d i i s o b u t y l e n e Oxide 78 
12. R a t i o o f TMP0H-3 t o TMBOH a r i s i n g f rom Mixed Hydr ide 
Reduct ions d f ^ - d i i s o b u t y l e n e Oxide 8l 
13. NMR Data on TMPOH-3 I s o l a t e d f rom the Reduct ions o f £ -
d i i s o b u t y l e n e Oxide w i t h the 1: 3 L iA lD i j . : AICI3 and L i A l H ^ : 
A l C l ^ Reagents 83 
Ik. Calculated R e s u l t s o f T M P O H - S n i r .
 r e d #/TMP0H-3t o t> a n d 
the R a t i o s o f TMP0H-3dir. red / m i g r a t i o n products f rom 
V a r i o u s Mixed Hydr ide Reduct ions 85 
V I 
L I S T OF TABLES (CONTINUED) 
TABLE PAGE 
1 5 ' PRODUCT RATIOS FROM THE REDUCTIONS OF (3-DIISOBUTYLENE 
OXIDE BY VARIOUS ALKOXYALUMINUM HYDRIDES 1 0 1 
1 6 . RATIOS OF TMPOH-2 TO TMPOH-3 FROM THE REDUCTIONS OF 0-
DIISOBUTYLENE OXIDE BY MONOALKOXYALUMINUM HYDRIDES 10k 
1 7 . VPC DATA FROM REDUCTIONS OF (3-DIISOBUTYLENE OXIDE BY 
VARIOUS COMBINATIONS OF LIALHJJ. AND AICI3 1 0 7 
1 8 . ' VPC DATA FROM REDUCTIONS OF P-DIISOBUTYLENE OXIDE BY LITHIUM • 
ALUMINUM HYDRIDE - ALUMINUM CHLORIDE COMBINATIONS AS TETRA-
HYDROFURANATES AND TRIETHYLAMMINATES 108 
1 9 - VPC DATA FROM REDUCTIONS OF (3-DIISOBUTYLENE OXIDE BY VARIOUS 
LITHIUM ALUMINUM HYDRIDE - ALUMINUM BROMIDE OR IODIDE 
COMBINATIONS 1 0 8 
2 0 . VPC DATA FROM REDUCTIONS OF FI-DIISOBUTYLENE OXIDE BY VARIOUS 
ALKOXYALUMINUM HYDRIDES 1 0 9 
vii 
LIST OF FIGURES 
Figure Page 
1. The Magnesium Bromide catalyzed Rearrangements of cis- and 
trans-Stillbene Oxide 15 
2. f}-diisobutylene Oxide and its Reduction Products 1 7 
3 . Transition State for the Reaction of the Intermediate Car­
bonium Ion with a Hydride Donor 8 7 
h. Mono- and Di-t-butoxyaluminum Hydride 102 
V l l 
SUMMARY 
A MIXED HYDRIDE"IS THE NAME GENERALLY GIVEN TO A REAGENT PRO­
DUCED FROM THE COMBINATION OF LITHIUM ALUMINUM HYDRIDE WITH SOME 
ACIDIC SPECIES. THE ACIDIC SPECIES MOST COMMONLY USED ARE THE ALU­
MINUM HALIDES, AND THE REAGENTS RESULTING FROM THIS COMBINATION 
ARE THE VARIOUS HYDRIDOALUMINUM HALIDES. THIS I S ILLUSTRATED I N THE 
EQUATIONS BELOW: 
3LiAlH^ + A1X3 -» 3 L 1 X + ^AlH (X=C1, Br, i) 
LIALH^ + AIX^ -» L I X + 2A1H 2 X 
LIALH^ + 3 A 1 X 3 -» L I X + ^A1HX 2 
ONE MIXED HYDRIDE THAT HAS BEEN STUDIED FREQUENTLY I S THE 
REAGENT PRODUCED FROM THE COMBINATION OF FOUR MOLES OF ALUMINUM 
CHLORIDE TO ONE MOLE OF LITHIUM ALUMINUM HYDRIDE. THIS REAGENT HAS 
BEEN SHOWN TO HAVE THE FOLLOWING COMPOSITION: 
LIALH^ + ^ALCL^ H> L I C L + ALCL^ + 4 A 1 H C 1 2 
(L IALHCL 3 + A1C13 + 3A1HC12) 
ONE OF THE GOALS OF THIS PROJECT WAS TO DETERMINE THE ROLE 
PLAYED BY EACH OF THESE SPECIES I N REDUCTIONS INVOLVING THE ONE TO 
FOUR" LITHIUM ALUMINUM HYDRIDE TO ALUMINUM CHLORIDE COMBINATION. 
ANOTHER GOAL WAS TO DETERMINE THE EFFECT OF VARYING THE NUMBER AND 
TYPE OF HALIDES ATTACHED TO THE CENTRAL ALUMINUM ATOM. SINCE THE 
HALIDES HAVE DIFFERENT ELECTRONEGATIVITIES, AND S I Z E S , THE STOICHIO­
METRIC AMOUNT AND THE TYPE OF HALIDE SHOULD HAVE A PRONOUNCED EFFECT 
i x 
on the type o f r e a c t i v i t y shown by a mixed hyd r i de ; i . e . , the more 
ha l i de p r e s e n t , and the more e lec t ronegat ive the h a l i d e , the more 
L e w i s a c i d i t y and l e s s reducing power would be e x h i b i t e d by a mixed 
hyd r ide reagent . I n the case o f mixed hyd r i des w i t h b u l k y ' s u b s t i t u -
e n t s , such as i o d i d e , s t e r i c e f f e c t s might be observed. 
Mixed hydr ide r e a c t i o n s are u s u a l l y c a r r i e d out i n e the r , 
so t ha t the hydr idoaluminum h a l i d e s e x i s t as d i e t h y l e t h e r a t e s . Other 
L e w i s b a s e s , such as t r i e t h y l a m i n e and t e t r a h y d r o f u r a n can coor­
d inate w i t h these t r i v a l e n t aluminum s p e c i e s . Another ob jec ive o f 
t h i s work was t o determine the e f fec t o f v a r y i n g the s o l v a t i n g spec ies 
on the type o f r e a c t i v i t y e x h i b i t e d by mixed hydr ide reagen ts . A l s o , 
the e f f ec t o f v a r y i n g the s u b s t i t u e n t s f rom ha l i de to a l kox i de 
(methoxide, i s o p r o p o x i d e , and t - b u t o x i d e ) was determined. 
A good s u b s t r a t e f o r s t u d y i n g these e f f e c t s was found t o be 
2 , 4 , 4 - t r i m e t h y l - 2 - p e n t e n e o x i d e . Three reduc t i on products are ob­
ta ined when t h i s epoxide i s t r ea ted w i t h a mixed hydr ide reagent . 
The r a t i o s o f these products are v e r y s e n s i t i v e to the type o f mixed 
hydr ide used. The product r a t i o s were determined by a n a l y s i s u s i n g 
vapor phase chromatography. These products are 2 , 4 , 4 - t r i m e t h y l -
pentano l -2 , 2 , 4 , 4 - t r i m e t h y l p e n t a n o l - 3 } and t e t r a m e t h y l b u t a n o l . The 
f i r s t two are l a r g e l y the product o f d i r e c t r educ t i on , and the t h i r d 
i s the product o f a t - b u t y l s h i f t and subsequent r e d u c t i o n . A p r e ­
dominance o f the l a t t e r product over the former two would i nd i ca te 
t ha t the mixed hydr ide used i s a r e l a t i v e l y s t r o n g L e w i s ac id , and 
consequent ly , a r e l a t i v e l y weak reducing agent. 
X 
The following results were obtained from our study: 
In reductions involving the reagent formed by combining one 
mole of lithium aluminum hydride with four moles of aluminum chloride, 
it appears that the excess aluminum chloride present plays no role in 
determining the product ratios. However, the lithium chloride which 
is presumably complexed either with the hydridoaluminum chloride or 
the aluminum chloride does affect the type of reactivity exhibited by 
this reagent. The lithium chloride-hydridoaluminum dichloride com­
plex is evidently a stronger reducing agent than is hydridoaluminum 
dichloride alone. 
The effects outlined above were observed when the type and 
number of attached halide atoms were varied. Steric effects were al­
most always very small or apparently nonexistent in the mixed hydride,. 
A mixed hydride solvated by a more basic, or a more strongly electron 
donating substance, should be a weaker Lewis acid and consequently, 
a stronger reducing agent than the same hydride as the diethyl 
etherate. The two bases studied in this work were tetrahydrofuran 
and triethylamine. The expected reactivity differences between mixed 
hydrides as tetrahydrofuranates and the corresponding reagents as 
diethyletherates were observed. The results from the reductions in­
volving mixed hydrides as triethylamminates can not be simply inter­
preted on the basis of electronic effects, presumably because of the 
considerable steric bulk of triethylamine relative to that of diethyl 
ether and tetrahydrofuran. 
The following results were obtained from the reductions involving 
the alkoxyaluminum hydrides. First of all, (3-diisobutylene oxide is 
xi 
fairly inert to these reagents. In most cases, reaction between 
epoxide and the hydrides in question did not occur to a significant 
extent. It appears that alkoxyaluminum hydrides exhibit only negli­
gible Lewis acidity, and consequently little reactivity toward the 
bulky (3-diisobutylene oxide. Therefore, no unequivocal statements 
can be made about the types of reactivity exhibited by these reagents. 
More work needs to be done with reductions involving these hydrides, 
with some less sterically hindered epoxide, such as styrene oxide. 
CHAPTER I 
INTRODUCTION AND HISTORICAL BACKGROUND 
1 2 
Since i t s discovery in 1946 ' l i thium aluminum hydride has be­
come one of the most widely used reagents in the f i e l d of organic chemis­
t r y . I t i s a very potent reducing agent and w i l l hydrogenate almost 
any polar, unsaturated funct ional group. The table below i l l u s t r a t e s 
the wide a p p l i c a b i l i t y of these reductions for synthet ic work. 
Various attempts have been made t o a l t e r the propert ies of 
l i thium aluminum hydride such hat the r e s u l t i n g substance w i l l be a 
l e s s react ive and more s e l e c t i v e reducing agent. The most widely known 
of these experiments concerns the work of H. C Brown on the l i th ium 
3 4 4 
alkoxyaluminohydrides. I f ter t -butanol ' or methanol i s added t o 
l i thium aluminum hydride in d ie thyl ether, tetrahydrofuran or diglyme 
the corresponding l i thium mono-, d i - or trialkoxyaluminohydrides are 
produced. The react ions are stepwise and the products are dependent 
on the r a t i o of alcohol t o hydride. An equivalent amount of hydrogen 
i s l ibera ted . 
1 . A. E. F inhol t , A. C Bond, H. I . Schles inger, J . Am. Chem. 
S o c , 69, 1199 (1947) . 
2 . R. F. Nystrom and W. G. Brown, J . Am. Chem. Soc . , 69, 1197 
(1947) . 
3- H. C Brown and R. F. McFarlin, J . Am. Chem. S o c . , 78, 252 
4. H. C. Brown and C. J . Shoaf, i b i d . , 86 1079 (1964). 
(1956) . 
2 
Tab le 1. F u n c t i o n a l Groups Reduced by L i t h i u m Aluminum Hydr ide 
F u n c t i o n a l Group Product 
Aldehyde P r i m a r y a l coho l 
Ketone Secondary a l e . 
Quinone Hydroquinone 
Epoxide A lcoho l 
E s t e r A l coho l 
Lactone D i o l 
Ca rboxy l i c Acid 1 a l coho l 
Anhydr ide 1 a lcoho l 
Amide, 1° Amine, 1° 
Amide, 2° Amine, 2° 
Amide, 3° Amine, 3° 
N i t r i l e 1° Amine o r Aldehyde 
N i t r o ( a r y l ) Azo compound 
N i t r o ( a l k y l ) Amine 
Azoxy Azo compound 
A n i l Amine 
N i t r o s o Azo compound 
Ac id c h l o r i d e 1° a l e . 
A l k y l ha l i de Hydrocarbon 
D i s u l f i d e T h i o l 
S u l f o x i d e S u l f i d e 
S u l f o n y l ch l o r i de T h i o l 
nROH + L i A l H ^ -» L i A l H ^ (OR) + n H 2 ( l ) 
n = 1,2,3 R == C H 3 - , ( C H 3 ) 3 C " 
k 
I s i s o p r o p y l o r s e c - b u t y l a lcoho l i s used , the in te rmed ia te 
l i t h i u m a lkoxya luminohydr ides e v i d e n t l y d i s p r o p o r t i o n a t e to the cor­
responding l i t h i u m t e t r a a l k o x y a l u m i n o h y d r i d e s and l i t h i u m aluminum 
5 - W. G. Brown, " Organic R e a c t i o n s , " R . Adams, ed . , J . W i l e y and 
S o n s , I n c . , New Y o r k , V o l . 6 , 1 9 5 6 . 
3 
hydride. 
nROH + LiAlH^ •* ^ ~ LiAlH^ LiAl(OR)^ (2) 
R = (CH 3) 2CH-, sec-Butyl 
The. modified reducing power and synthet ic u t i l i t y of some of 
the l i th ium alkoxyaluminohydrides are i l l u s t r a t e d by the equations 
below: 
THF or £ RCOC1 + LiAlH(O-t-Bu) RCHO (3) 
'
5
 diglyme, (70-90$) 
-75 
Et 0 •
 7 
RCN + LiAlH(OEt) 3 =—) RCHO (4)' 
0° (10-90%) 
Et 0 < 
RC0N(CH_)o + LiAlH( OEt) -r^  — * RCHO (5) 
3 2
 3 ' 0 , 1 hr (60-90yo) 
The react ions above can be considered t o be quite general s ince 
the authors carried them out on twenty-f ive or t h i r t y compounds, 
ihe 
3,6 
7 8 
These react ions compared favorably ' in y i e l d with older synthet ic 
methods, and in some cases represented an improvement (eq. 3) 
6. H. C Brown and R. F. McFarlin, J . Am. Chem. S o c , 80, 5372 
(1958). 
7- H. C Brown and C. P. Garg, i b i d . , 86, 1085 (1964). 
8. H. C Brown and A. Tsukamoto, i b i d . , 86, 1089 (1964). 
4 
When l i t h i u m aluminum hydr ide i s al lowed to react w i t h c e r t a i n 
s t r o n g l y ac id i c s p e c i e s , a reducing agent i s obtained which e x h i b i t s 
a s i g n i f i c a n t l y d i f f e r e n t type o f r e a c t i v i t y than t h a t o f l i t h i u m 
aluminum hydr ide reagen ts . I t i s w i t h these reagents and t h e i r mechan­
i s m s o f r e a c t i o n w i t h organic compounds t h a t t h i s work i s concerned. 
I n o rder t o b e t t e r understand the s i g n i f i c a n c e o f the work descr ibed , 
the h i s t o r i c a l development and u t i l i t y o f these reagen ts , as w e l l as 
t h e i r nature and modes o f r eac t i on w i t h organic f u n c t i o n a l g roups , w i l l 
now be d i s c u s s e d . 
9 
Doukas and Fon ta ine found t h a t the reagent formed by adding 
s o l i d l i t h i u m aluminum hydr ide t o an e the rea l s o l u t i o n o f hydrogen 
c h l o r i d e Would per form the f o l l o w i n g convers ion : 
HO' 
DIOSGENl N DIHYDROPIOSGENIN 
9 . H . M. Doukas and T . D. F o n t a i n e , i b i d . , 7 5 , 5 3 5 5 ( 1 9 5 3 ) -
5 
If l i thium aluminum hydride or the hydrogen halides"^ are used alone, 
the above react ion does not occur. The addit ion of a l l y l bromide 
(which probably functions as a donor of bromides t o the react ion medium) 
1 1 
to l i thium aluminum hydride produces a reagent with s imilar propert ies ; 
CHCH. 
LiAlH k 
LIAIH^ ( 1 . 5 moles) 
CH2CHCH3Br ( 1 mole]" 
0CHOHCH3 + 
(95-98$) 
0CHOHCH3 + 
( 7 2 f 0 ) 
0CH2CH2OH 
( 2 - 5 % ) 
0CH2CH2OH 
(28$) 
( 7 a ) 
(7b) 
1 1 
1 1 
F i n a l l y , i t was found that addit ion of aluminum chloride or bromide to 
l i th ium aluminum hydride produced s imilar r e s u l t s . Furthermore i t was 
found that the stoichiometric ra t io of hydride to hal ide in the mixed 
hydride reagent could have a pronounced e f f ec t on the product d i s t r i -
1 1 1 2 
butions in the reduction of certa in epoxides: ' 
( C H 3 ) 2 C - \ 
LiAlH 
(CH3)3COH + (CH3)2CHCH20H 
( 9 5 - 9 8 ) ( 2 - 5 ) 
( 8 a ) 
1 0 . E. L. E l i e l , V. G. Badding, M. N. Rerick, i b i d . , 8 2 , 1 3 6 2 
( I 9 6 0 ) . 
1 1 . E. L. E l i e l and M. N. Rerick, i b i d . , 8 2 , 1 3 6 2 ( i 9 6 0 ) . 
1 2 . E. L. E l i e l and D. W. DelMonte, i b i d . , 8 0 , Ijkk ( 1 9 5 8 ) . 
6 
L i A l H 
( C H 3 ) 2 ° C H 2 ~ A 1 C T ( C E ^ ) C Q H + ( C H 3 ) 2 C H C H 2 0 H (8b) 
' (70) (30) 
L i A l H 
( C H 3 ) 2 C — C H 2 T A I C I ^ ( C H ) C O H + ( C H ) C H C H O H " 3 ' 3 
( 5 - 7 ) 
3 ; 2 -
(93 -95 ) 
(8c) 
T h e a d d i t i o n o f l i t h i u m a l u m i n u m h y d r i d e t o a l u m i n u m h a l i d e s 
s e e m s t o b e t h e c u r r e n t l y a c c e p t e d m e t h o d f o r g e n e r a t i n g a m i x e d h y -
1 3 
d r i d e r e a g e n t . T h e r e a g e n t s g e n e r a t e d b y m i x i n g l i t h i u m a l u m i n u m 
h y d r i d e a n d a l u m i n u m c h l o r i d e i n m o l a r r a t i o s o f o n e t o f o u r , t h r e e t o 
o n e , a n d o n e t o o n e h a v e r e c e i v e d t h e m o s t a t t e n t i o n . T h e o n e t o f o u r 
r e a g e n t g i v e s o p t i m u m y i e l d s i n s o m e o f t h e c o n v e r s i o n s s h o w n 
1 3 , 1 0 , 1 ^ 
b e l o w . " ( i n f a c t , s o m e w o r k e r s i n t h e f i e l d r e f e r t o t h e o n e t o 
13 15 
f o u r r e a g e n t a s t h e m i x e d h y d r i d e r e a g e n t . ' O t h e r s a r e n o t s o 
s p e c i f i c . ) 
1 3 - E . L . E l i e l , R e c . C h e m . P r o g . , 2 3 , 1 2 9 ( 1 9 6 1 ) . 
lh. E . L . E l i e l , J . A . P i l a t o , V . G . B a d d i n g , J . A m . C h e m . S o c . , 
8k, 2 3 7 7 ( 1 9 6 2 ) . 
1 5 . E . C . A s h b y a n d J . P r a t h e r , i b i d . , 87 , 1 7 ^ 8 ( 1 9 6 6 ) . , 
1 6 . P . T . L a n s b u r y a n d V . A . P a t t i s o n , T e t . L e t t e r s , 1 9 6 6 , 3 0 7 3 . 
7 
LiAlH i 
RR'C(0R")2 - I i A i e i J * RR' CHOR" ( 9 ) 
S N LiAlH, ' 
RR'C' (CH 2 ) n k A 1 Q 1 ) RR'CHS(CH2)n0H ( l O ) X U 
V 
n = 2 , 3 
LiAlH, 
02K-)^-CH0 - T , , A 1 C 1 > 02K-)^-CH20H (11) 
^ 2 C 0 o r LiAlH, 
^ 2 C H 0 H •TTAICI^ ^ 2 C H 2 < 1 2 > ' 
In order to understand how mixed hydride reductions take p lace , 
i t i s important to know the inorganic chemistry involved when hal ide 
donors are combined with l i th ium aluminum hydride. When l i thium alu-
mininum hydride and aluminum, chloride are mixed in a three to one molar 
r a t i o , aluminum hydride and l i thium chloride are produced. 
3LiAlH^ + A1C13 ^A1H3 + LiCl ( 1 3 ) 1 
Lithium chloride p r e c i p i t a t e s immediately, and aluminum hydride polymer 
17 
prec ip i ta t e s af ter a short period of t ime. Wiberg found that when 
1 7 , . E. Wiberg and K. Modritzer, R. Uson Lacal, Rev. Acad. Sc i . 
Exact. F i s . Quim. Y. Nat. Zarazoga, 9 , 9 1 ( 1 9 5 4 ) . 
8 
aluminum hydr ide i s al lowed t o react w i t h hydrogen c h l o r i d e i n e t h e r , 
hydridoaluminum h a l i d e s are formed according to the f o l l o w i n g equat ions : 
E t 0 
A1H 3 + HC1 A1H 2 C1 + H 2 (lk) 
E t Q 0 
A1H 3 + 2HC1 : =-> A1HC1 2 + Hg ( 1 5 . ) 
The compounds were i s o l a t e d and charac te r i zed as d i e t h y l e t h e r a t e s , 
t r i e t h y l a m m i n a t e s and. h i s - t r i e t h y l a m m i n a . t e s . A l l o f the above spec ies 
18 
were shown to be monomeric i n d i e t h y l e the r . Evans and h i s co­
wo rke rs fo l l owed the t i t r a t i o n o f e the rea l aluminum ch lo r i de w i t h 
l i t h i u m aluminum hydr ide c o n d u c t i m e t r i c a l l y , and r a t i o n a l i z e d t h e i r 
r e s u l t s by p o s t u l a t i n g the f o l l o w i n g s tepw ise r e a c t i o n s : 
L L A I H ^ + 2A1G1 3 -> L i C l + A l g C l ® + AUf]® ( l 6 ) 
L i A l H ^ + A 1 2 C 1 ® + A l H j p -> L i C l - + 4A1H2C1 ( I T ) 
L i A l H ^ + A1H 2 C1 -> 2A1H 3 + L i C l ( l 8 ) 
15 
Ashby and P r a t h e r s t ud ied the reac t i on o f l i t h i u m aluminum 
hydr ide and aluminum c h l o r i d e , bromide, and i o d i d e . They fo l l owed the 
p r o g r e s s o f the r eac t i on by i n f r a r e d and elemental a n a l y s i s o f the 
1 8 . G- G. E v a n s , J . K . Kennedy, J r . , F . D. D e l Greco, J . I n o r j 
N u c l . Chem., h, ko ( 1 9 5 7 ) -
9 
reaction products. Their results could not be reconciled with Evans1 
postulates. They proposed the following stepwise reactions: 
LiAlH^ + 3A1C13 
(Al-H stretch, 
freq., 5 - 7 5 ) 
^A1HC12 + LiCl 
(Al-H stretch, 
freq., 5 . 2 5 ) 
(19) 
LiAlH^ + A1C13 2A1H2C1 + LiCl 
•(•Al-H stretch, 
freq., 5 AO ) 
(20) 
3LiAlH^ + A 1 C 1 3 ^ A 1 H 3 + 3LiCl 
(Al-H stretch, 
freq., 5 . 6 0 ) 
(21) 
Lithium chloride would be expected to precipitate in all cases above, 
since it is insoluble in diethyl ether. However when lithium aluminum 
hydride and aluminum chloride are combined in molar ratios of one to 
one, or one to three, no lithium chloride precipitate is obtained. 
This was explained by postulating the existence of weak complexes be­
tween lithium chloride and the hydridoaluminum chlorides of the follow­
ing type: 
LiAlH2C12, or LiAlHCl3 
Attempts to confirm this by infrared or nuclear magnetic resonance 
spectral evidence were unsuccessful. 
\ 
10 
The evidence presented in the preceding paragraph strongly indi­
cates that the reducing agent involved in the mixed hydride reductions 
discussed above is either some free hydridoaluminum halide, or some 
lithium chloride-hydridoaluminum halide complex. Furthermore, the three 
to one lithium aluminum hydride to aluminum chloride combination involves 
the formation of aluminum hydride, the one to one combination contains 
dihydridoaluminum chloride with, some lithium chloride, and the one to 
four combination contains hydridoaluminum dichloride with lithium 
chloride and some excess aluminum chloride."'"'' 
LiAlH^ + 4A1C13 -» 3HA1C12 + LiAlHCl^ + A1C13 (22) 
These trivalent aluminum compounds would be expected to exhibit con­
siderable Lewis acid character as well as fairly strong reducing proper­
ties. The electron withdrawing or donating power of the various sub­
stituent groups or solvating species might be expected to have a pro­
nounced effect on these properties. Introduction of a more strongly 
electron withdrawing group (such as halogen) in aluminum hydride would 
enhance its Lewis acidity and diminish its reducing power. Complexa-
tion of the hydride species by basic solvating agents should have the 
opposite effect. 
One of the goals of this work is the determination of the active 
species in the one to four reagent (LiAlH^:4 AlClg), i.e., does the 
excess aluminum chloride and complexed lithium chloride haye any effect 
on the type of reactivity exhibited by this reagent? Other objectives 
include the determination of the effect of varying (l) the number of 
attached halogens (from none in aluminum hydride to two in hydrido-
1 1 
aluminum c h l o r i d e ; ( 2 ) the., ha l i de i t s e l f f rom c h l o r i n e t o bromine t o 
i o d i n e ; ( 3 ) the b a s i c i t y o f the s o l v a t i n g spec ies f rom d i e t h y l e ther t o 
t e t r a h y d r o f u r a n to t r i e t h y l a m i n e ; (h) the s u b s t i t u e n t s themse lves f rom 
h a l i d e s to v a r i o u s a l koxy g roups . An alkoxyaluminum hydr ide can be 
aluminum hydr ide as shown i n the f o l l o w i n g equat ions: 
L i A l H ^ + 1 / 2 H 2S0^ A 1 [ ^ + i/ 2 L i g S O ^ + R" 2 ( 2 2 ) 1 9 
A1H_ + hROH T H F > A1H_ (OR) + n H 0 ( 2 3 ) 2 0 3 3 - n n 2 y 
n = 1 , 2 R = i - P r o , t - B u 
The t -butoxyaluminum h y d r i d e s are d imer i c i n t e t r a h y d r o f u r a n , and ex­
h i b i t b r i d g i n g th rough the a l k o x y g roups . The isopropoxyaluminum hy­
d r i d e s as ye t have not been s t u d i e d . 
' I n t e r e s t i n g i n t e r p l a y s between s t e r i c and e l e c t r o n i c e f f e c t s 
would be expected t o show up i n these s t u d i e s . A good sys tem f o r 
s t u d y i n g a l l Of these aforementioned e f f e c t s would be some c a r e f u l l y 
chosen epoxide, as the f o l l o w i n g d i s c u s s i o n w i l l i l l u s t r a t e . 
When epoxides are t r ea ted w i t h l i t h i u m aluminum h y d r i d e , an S n 2 
2 1 
mechanism i s opera t i ve . T h i s i s shown by the fac t t ha t the s o l e 
1 9 . H . C Brown and Nung M in Yoon, J . Am. Chem. S o c . , 8 8 , lU6U 
( 1 9 6 5 ) . 
2 0 . H . Suchy, "Uber A l a n , Aluminumboronate Und T r i s ( N - W - d i m e t h y l -
hyd raz ino ) -bo ran" D i s s e r t a t i o n , U n i v e r s i t y o f Munich, Munich, Germany 
1 9 6 6 . 
2 1 . L - W. T r e v o y and W. G. Brown, J . Am. Chem. S o c . , 7 1 , 1 6 7 5 
( 1 9 ^ 9 ) . 
1 2 
product i s o l a t e d f rom the l i t h i u m aluminum hydr ide reduc t ion o f 1 , 2 -
2 1 
d imethy l - l , 2 -epoxycyc lopen tane i s t r a n s - 1 , 2 - d i m e t h y l c y c l o p e n t a n o l , 
i n d i c a t i n g t ha t a Walden i n v e r s i o n has occurred. 
A l s o , the a lcoho l formed by l i t h i u m aluminum hydr ide reduc t i on o f 
2 1 
epoxides i s u s u a l l y the most s t e r i c a l l y h indered , i n d i c a t i n g at tack 
o f hydr ide donor at the l e a s t h indered s i t e . T h i s i s a l s o i n agree­
ment w i t h an S n ^ mechanism. 
When a weakly ac id i c mixed h y d r i d e , such as aluminum h y d r i d e , 
i s t r ea ted w i t h an epoxide, the r eac t i on takes a d i f f e r e n t cou rse . 
P roduc ts a r i s i n g f rom at tack at the most s t a b l e carbonium i o n tha t 
2 2 
could a r i s e f rom cleavage o f the ox i r ane r i n g p r e v a i l (eq. 2 5 ) 
Deuter ium l a b e l i n g exper iments"^" have been shown t ha t t h i s r eac t i on 
i n v o l v e s a d i r e c t reduc t ion (eq. 2 6 c ) . Stereochemical s t u d i e s have 
shown"^ t ha t the r e a c t i o n o f epoxides w i t h aluminum hydr ide i n v o l v e s 
2 2 . M. W. R e r i c k and E . L . E l i e l , i b i d . , 84, 2 3 5 6 ( 1 9 6 2 ) . 
y O s LiAlH, 
t>rp~ :CH0 } 
3LiAlH 
A1C1.. 
,.0 3L1A1D, 
a backside donation of hydride by the 
H 
1 3 
OH 
0 2 C— CH20 ( 2 5 a ) 
OH 
02CH—CH0 (25b) 
OH 
02CD—CH0 ( 2 5 c ) 
reducing s p e c i e s . 
I t seems probable that Lewis acid c a t a l y s i s i s a l so involved in t h i s 
react ion . 
In the presence of stronger Lewis ac ids , epoxides can undergo 
ring opening and extensive rearrangements of t h e i r carbon ske le -
t o n s 2 0 ' 2 1 ^ . 
2 3 . H. 0- House, i b i d . , 7 7 , 3070 ( 1 9 5 5 ) -
Ik 
0 
0 
*C C t ~^ 0CHOCO0 (27b) 
H 
0 A1C1
 2 
/ \ =2 03C-CH=O + 02CH-CO0 (28) 
02C CH^ 72-76y0 2U-28 0^ 
- - - » 03O-CH=O + )62CH-CO0 (29) 
The r e a c t i o n s w i t h magnesium bromide are thought t o i n v o l v e an i n t e r ­
mediate complex w i t h an O-Mg-Br b r i d g e , as shown i n f i g u r e 1 below. 
The boron t r i f l u o r i d e cata lyzed rearrangement i s thought t o go th rough 
an in te rmed ia te i n which the ox i r ane r i n g i s l a r g e l y cleaved, and 
22 
which probably has cons iderab le carbonium i o n character . The 
aluminum ch lo r i de catalyzed rearrangement o f t r i p h e n y l e t h y l e n e ox ide i s 
thought to proceed by a :route tha t i s a combination o f t hese two 
22 
pathways 
JrC C* > JZLCH-CHO (27a) 
1 5 
F i g u r e I . T h e M a g n e s i u m B r o m i d e C a t a l y z e d R e a r r a n g e m e n t 
o f c i s - a n d t r a n s - S t i l l b e n e O x i d e 
T h a t e x t e n s i v e r e a r r a n g e m e n t s c a n t a k e p l a c e w h a n a s t r o n g l y 
a c i d i c m i x e d h y d r i d e i s u s e d a s a r e d u c i n g a g e n t i s i l l u s t r a t e d b y t h e 
f o l l o w i n g : 
02CHCHC10 + j Z ^ C H C H ^ ( 3 0 ) 2 2 
( 1 5 $ ) . ( 1 8 $ ) 
( 3 1 ) 
I n ( 3 0 ) a b o v e , t h e m a j o r p r o d u c t , 2 , 2 , 2 - t r i p h e n y l e t h a n o l , i s c l e a r l y 
t h e r e s u l t o f a p h e n y l s h i f t , a r i d i n ( 3 1 ) a b o v e , t h e 2 - p h e n y l e t h a n o l - 1 - d 
a r i s e s f r o m a h y d r i d e s h i f t , a n d s u b s e q u e n t r e d u c t i o n o f t h e r e s u l t i n g 
0 X L i A l H , 
<t>/—^
 k
 A 1 C 1> 0 3 C C H 2 O H + 
(67$) 
L i A l D , 
P CHC" H C H Q > 0 C H O C H D O H 
* h A1C1 d 
1 6 
1 2 
2k- L. I . Zakharkin, I . M. Khorlina, Izv. Akad. Nauk. S .S .S .R. , 
Ser. Khim., 1 9 6 5 , 8 6 2 . 
aldehydic intermediate 
Our requirement for t h i s study i s an epoxide whose mixed hydride 
reduction products are separable by vapor phase chromatography, and are 
such that i t i s c lear whether they ar i se from direct reduction, or from 
migration and subsequent reduction without making extensive use of deuter 
ium l a b e l l i n g experiments. Some i n i t i a l work was done on styrene oxide 
and tr iphenylethylene oxide, but these did not s a t i s f a c t o r i l y meet 
2 2 2k 
these requirements. However, past workers ' have shown that p-
di isobutylene oxide should y i e l d meaningful r e s u l t s in our study. When 
t h i s epoxide i s treated with various mixed hydride reagents , four 
products are formed whose r a t i o s are strongly dependent on the type of 
reagent used. This i s i l lus trated , in Figure 2 and table 2 below: 
I T 
Figure 2 . p-di isobutylene Oxide and i t s Reduction Products 
OH 0 H o 
C H 3 — 0 — C H o - 0 ^ — C H , 2,k, 4 - tr imethylpentanol -2 
(TMPOH-2) V 
CH: x3 
^2 3 
CH., 
CH. 3 \ / \ / " 3 
^ C — * , — C H C ^ - C H 3 
C H 3 CH 3 
p-di i sobutylene oxide 
0
 CH—CH—C—CH 0 
CH„ V CH^ 
' 2 , k , 4 - t r imethy lpentano l -3 
(TMPOH-3) 
CH„ OH CH_ 
o v 1 / 3 
C—CH—C—CH^ 2,k,4-trimethylpenten-l-ol-3 
(A-1-TMPOH-3) CH 
\ 3 
C H 3 
CH„ CH. 
CH. P /
 3 
3 - t T C H 2 ° H 
C H 3 CH 3 
Tetramethylbutanol 
(TMBOH) 
Table 2. Products of Various Mixed Hydride Reductions 
2k 
on B-di isobutylene Oxide 
a c Mixed Hydride , Gross 
Reagent TMPOH-2 TMPOH-3 -l-TMPOH-3 TMBOH Product 
Yield 
LAH alone 1 0 0 2 1 $ 
3 : 1 LAH-.A1C1 36 50 1 0 h 96$ 
1 : 1 LAH:A1C1 3 1 4 3 2 9 45 9 5 $ 
1 : 4 LAH:A1C1 3 
-
1 5 8 T7 8 3 $ 
^a three - fo ld excess of hydride over epoxide was used 
numbers in these columns are product ra t ios 
represents a material balance 
IIAH means LiAlH^ 
c 
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The initial undertaking of this project was to check these, re­
sults. Then the work outlined briefly on page eight was done using the 
results of the check as a reference point. The results of these ex­
periments and our interpretation of the data are given below. 
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CHAPTER II 
EQUIPMENT, CHEMICALS AND PURIFICATION PROCEDURES 
An F and M model 7 2 0 Dual Column Programmed Temperature G-as 
Chromatograph was used for all gas chromatography work. Nuclear mag­
netic resonance spectra were obtained using a Varian A - 6 0 Nuclear 
Magnetic Resonance Spectrometer. A Perkin-Elmer 2 3 7-B Grating Infra­
red Spectrophotometer was used to obtain infrared spectra. Poten-
tiometric titrations were done using a Beckman Zeromatic pH Meter. 
All work involving the use of complex metal hydrides, aluminum 
halides, or Grignard reagents was done under a dry nitrogen atmos­
phere in heat-dried, nitrogen-purged glassware. Two types of pro­
cedures were used to furnish a dry nitrogen atmosphere: 
(1) The system was connected directly to a nitrogen tank and 
closed to the atmosphere by means of a mercury bubbler partially filled , 
with mineral oil. The systems were maintained under a slight positive 
pressure of nitrogen while they were in use. 
( 2 ) Other work done under a nitrogen atmosphere was carried out 
in a Kewaunee nitrogen box fitted with a recirculating system contain­
ing a Little Giant recirculating pump, an acetone-dry ice cooled trap 
for removing organic vapors, two columns packed with manganous oxide 
on vermiculite to remove residual oxygen, and a column packed with 
type kA molecular sieves (l / l6 inch in diameter) obtained from the 
Linde Company to remove residual water vapor. 
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The f o l l o w i n g m a t e r i a l s were used i n the p repa ra t i on o f the 
v a r i o u s hyd r ide reagen ts : l i t h i u m aluminum hydr ide was obtained f rom 
Metal H y d r i d e s , I n c . E t h e r e a l l i t h i u m aluminum hydr ide s o l u t i o n s were 
prepared by ove rn igh t s t i r r i n g o f an e the r -hyd r i de s l u r r y , f i l t r a t i o n 
o f u n d i s s o l v e d m a t e r i a l , and s t a n d a r d i z a t i o n o f the r e s u l t i n g c lear 
s o l u t i o n by the method o u t l i n e d i n chapter f o u r . Anhydrous aluminum 
c h l o r i d e and bromide ( C e r t i f i e d Reagent) were obtained f rom the F i s h e r 
S c i e n t i f i c Company. Aluminum ch lo r i de was f u r t h e r p u r i f i e d by sub­
l i m a t i o n i n vacuo• The aluminum bromide was used w i thou t f u r t h e r p u r i ­
f i c a t i o n . Anhydrous aluminum iod ide (Labora to ry Chemical) was obtained 
f rom F i s h e r S c i e n t i f i c , and f u r t h e r p u r i f i e d by s u b l i m a t i o n _in vacuo• " 
E t h e r e a l aluminum h a l i d e s o l u t i o n s wer r s tandard ized and used imme­
d i a t e l y a f t e r t h e i r p repa ra t i on . E t h e r e a l aluminum c h l o r i d e s o l u ­
t i o n s were prepared by a d d i t i o n o f h a l i d e t o e ther at e i t h e r minum 20 
degrees cent igrade o r at room temperature. Mixed hydr ide r educ t i ons 
u s i n g both types o f aluminum ch lo r i de s o l u t i o n s gave r e s u l t s i d e n t i c a l 
w i t h i n exper imenta l e r r o r . E t h e r e a l aluminum ch lo r i de s o l u t i o n s are 
s t a b l e at room temperature f o r at l e a s t 33 h o u r s . T h i s was shown by 
the fac t t h a t aluminum and ch l o r i de de te rm ina t i ons done on a l i q u o t s 
p e r i o d i c a l l y removed f rom an aluminum ch lo r i de s o l u t i o n y i e l d e d aluminum 
t o c h l o r i n e r a t i o s o f one t o t h ree ( w i t h i n the exper imenta l e r r o r ex­
pected f o r the a n a l y t i c a l procedures), . The s t a b i l i t y o f aluminum b r o ­
mide and iod ide s o l u t i o n s over a pe r i od o f t ime was riot determined. 
The aluminum iod ide s o l u t i o n was prepared by a d d i t i o n o f ha l i de t o 
e ther cooled t o minus t en degrees cent igrade and a l l o w i n g the r e s u l t i n g 
2 1 
so lut ion t o warm t o room temperatures. The aluminum bromide so lut ion 
was prepared by addit ion of hal ide to ether at minus ten degrees 
centigrade. The r e s u l t i n g so lut ion was maintained at t h i s temperature 
during i t s standardization and subsequent use . Fuming su l fur ic acid 
(Reagent Chemical) was obtained from Fisher S c i e n t i f i c . Methanol and 
isopropanol were puri f ied by d i s t i l l a t i o n from magnesium turnings under 
a dry nitrogen atmosphere. Tertiary butanol was obtained from Fisher 
S c i e n t i f i c , and puri f ied by d i s t i l l a t i o n from potassium under a dry 
nitrogen atmosphere. The solvents l i s t e d below were puri f ied by the 
fol lowing methods when they were used for hydride react ions or syntheses 
involving Grignard reagents . Anhydrous d ie thy l ether was obtained from 
Fisher S c i e n t i f i c and puri f ied by d i s t i l l a t i o n from l i thium aluminum 
hydride through a packed column under a dry nitrogen atmosphere. 
Thiophene-free benzene, triethylamine and tetrahydrofuran, obtained 
from Fisher S c i e n t i f i c , Eastman. Organic Chemicals, and Fisher S c i e n t i f i c 
respect ive ly ) 'were puri f ied by d i s t i l l a t i o n from sodium aluminum hydride 
through a packed column under a dry nitrogen atmosphere. 
Other so lvents used for synthet ic work were the fol lowing: 
Carbon t e t rach lor ide , obtained from the Columbia Southern Chemical 
Corporation, l i g r o i n , obtained from Fisher S c i e n t i f i c , anhydrous pyri ­
dine, obtained from Baker Chemical Company and ethyl ace ta te , obtained 
from Fisher S c i e n t i f i c , were a l l used without further p u r i f i c a t i o n . 
Petroleum ether (B.P. 3 7 - 5 - 5 2 . 8 ) and hexane, obtained from Fisher 
S c i e n t i f i c and Matheson Chemical Companies r e s p e c t i v e l y , were puri f ied 
by success ive washings with portions of d i l u t e su l fur ic ac id , water, 
and bicarbonate so lu t ion . The o l e f i n - f r e e alkanes were then dried over 
anhydrous potassium carbonate. 
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The following starting materials were used for synthetic work-
benzyl chloride and t-butyl chloride, obtained from Fisher Scientific, 
were purified by drying ovar anhydrous magnesium sulfate and distilling 
through a packed column under a dry nitrogen atmosphere. Magnesium 
turnings (Laboratory Chemical) were obtained from Fisher Scientific. 
Triply-sublimed magnesium was obtained from the Dow Chemical Company 
and machine-milled. The resulting turnings were washed with ether and 
dried. Benzophenone was obtained from Eastman Organic Chemicals and 
used without further purification. Crude isobutyraldehyde of unknown 
origin was purged with dry nitrogen for 15 or 20 minutes and used with­
out further purification. Benzoyl peroxide and N-bromosuccinimide were 
obtained from Fisher Scientific and Eastman Organic Chemicals respec­
tively and used without further purification. A sample of crude syn-7-
norbornenol was kindly furnished by Mr. S. K. Gabriel. Purified 3,5-
dinitrobenzoyl chloride was obtained from Fisher Scientific and used 
without further purification. 
The following organic chemicals were used for mixed hydride 
reductions: styrene oxide was obtained from the Aldrich Chemical 
Company and was purified by drying over anhydrous potassium carbonate 
and by two distillations under reduced pressure through a packed 
column. This epoxide was stored under nitrogen, as were the other 
epoxides used in this study. Both 1- and 2-phenylethanol were also 
obtained from Aldrich, and were purified by distillation through a 
packed column under reduced pressure. The n-octanol used as an internal 
standard for chromatographic product analyses is of unknown origin and 
was purified by distillation through a packed column. Mr. S. K. Gabriel 
2 3 
furnished the exo-norbornene oxide used for the mixed hydride reductions. 
An authentic sample of endo-2-norbornanol was kindly furnished by Dr. 
E. L. Eliel. The p-diisobutylene oxide (from Union Carbide) was also 
furnished by Dr. Eliel, and was dried over anhydrous potassium car­
bonate and distilled twice through a spinning band column fitted with a 
sodium hydroxide-filled drying tube. A reflux ratio of 30 or 40 to 
one was used for these distillations. The distillate was deaerated^by 
purging with dry nitrogen for 15 or 20 minutes. Vapor phase chroma­
tographic analysis showed that the purified epoxide was only 9 7 percent 
pure. The boiling point (123-124°C) did not correlate well with the 
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literature value (130-131°C), but the results obtained from an NMR 
spectrum run on a sample of the neat liquid were consistent with those 
expected on the basis.of—the structure of p-diisobutylene oxide. 
Authentic samples of 2,4,4-trimethylpentanol-2 and tetramethylbutanol 
were kindly furnished by Dr. E. L. Eliel. An additional sample of 
tetramethylbutanol was isolated by preparative vapor phase chroma­
tography from a mixture of the gross products from the reduction of 
(3-diisobutylene oxide by the one to three and one to four lithium 
aluminum hydride to aluminum chloride reagents. The conditions used 
for the separation are the same as those used for the product analyses 
for this system. The physical properties of the white, crystalline 
solid were identical with those of the authentic tetramethylbutanol' 
sample furnished by Dr. Eliel. 
2 5 . A. Byers and W. J. Hickinbottom, J. Chem. Soc, 1 9 4 8 , 
2 8 4 . 
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Other epoxides and reduction products studied in this work were 
prepared according to procedures outlined in chapter three. 
2 5 
CHAPTER I I I 
SYNTHETIC WORK 
A) 1 , 1 , 2 - t r i p h e n y l e t h a n o l : T h i s compound was prepared by the method o f 
2 6 
H e l l and Wiegant . T w e n t y - s i x grams ( l - l mo les ) o f t r i p l y subl imed 
magnesium was put i n t o a f lame-dr ied . two l i t e r three-necked found-
bottomed f l a s k t ha t had been purged w i t h dry n i t r o g e n , and f i t t e d w i t h 
a mechanical s t i r r e r , acetone/dry ice condenser, and two a d d i t i o n f u n ­
n e l s . One f u n n e l contained 1 2 7 grams ( l . O mole, 1 1 5 m l . ) o f b e n z y l 
c h l o r i d e , the o ther contained approx imate ly one l i t e r o f d i s t i l l e d 
d i e t h y l e the r . E t h e r and ha l i de were added concu r ren t l y at the r a t e o f 
one o r two drops a second. The r e s u l t i n g m i x t u r e was al lowed to s t i r 
f o r t h ree h o u r s . 
To;, about h-00 m i l l i l i t e r s o f d i s t i l l e d e ther was added 1 7 2 grams 
( l mole) o f benzophenone. T h i s s o l u t i o n was added t o the above G r i g -
nard s o l u t i o n over a pe r iod o f one hour f o r an a d d i t i o n a l two h o u r s . 
Then 2 5 0 m i l l i l i t e r s o f water fo l l owed by 2 5 0 m i l l i l i t e r s o f ten per­
cent s u l f u r i c acid were c a r f u l l y added. The aqueous and e the rea l l a y e r s 
were separated, and the aqueous l a y e r was d iscarded. T e n grams o f an­
hydrous sodium carbonate were added t o the e ther l a y e r . A f t e r about 3 0 
minutes the e ther s o l u t i o n was decanted away f rom the carbonate. The 
e ther was removed i n vacuo, and the r e s u l t i n g wh i te s o l i d was r e c r y s t a l -
2 6 . C H e l l and F . Wiegant, B e r . , 3 7 , 1 ^ 2 9 (±90k). 
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l i z e d from a mixture of four parts l i g r o i n and one part benzene. This 
procedure produced 2 2 6 grams ( 0 . 8 8 6 moles, 8 7 percent y i e l d ) of white, 
c r y s t a l l i n e mater ia l , M.P. = 8 7 - 8 9 ° C ( l i t . M.P. = 9 7 - 8 9 ° ) 2 5 . 
A repeat of t h i s procedure using magnesium turnings resul ted in 
the i s o l a t i o n of 1 , 1 , 2 - t r i p h e n y l e t h a n o l in 8 l percent y i e l d . 
B) Triphenylethylene Oxide: 
l ) l , l , 2 - t r ipheny l -2 -bromoethano l : The procedure of Lane and 
2 7 
Walters was used to make t h i s compound and tr iphenylethylene oxide. 
Two hyndred and twelve grams of . 1 , 1 , 2 - t r i p h e n y l ethanol ( 0 . 8 2 4 moles) 
and 1 7 0 grams of N-bromosuccinimide ( 0 . 9 5 5 moles) were d i sso lved in 
ref luxing carbon t e t rach lor ide . To t h i s so lu t ion was added 0 - 5 grams of 
benzoyl peroxide. The re su l t ing mixture was refluxed for three and one 
half hours, allowed to cool , and f i l t e r e d to remove the insoluble suc-
cinimide. The carbon te trachlor ide was removed in vacuo. A v i s cous , 
orange o i l which had a pungent halogen- l ike odor resu l ted . This 
product was r e c r y s t a l l i z e d twice from l i g r o i n and dried _in vacuo for 
two hours. This procedure resul ted in the i s o l a t i o n of 6 6 . 3 grams 
( 0 . 2 0 4 moles, 2 5 percent y i e l d ) of white, c r y s t a l l i n e materia l , M.P. = 
1 2 3 - 1 2 7 ° C ( l i t . M.P. = 1 2 4 - 1 2 6 ° C ) . 
A repeat of the above procedure, d i f f er ing only in that the 
react ion mixture was refluxed for s i x hours, resul ted in the i s o l a t i o n 
a f ter one r e c r y s t a l l i z a t i o n of 1 , 1 , 2 - t r i p h e n y l - 2 - b r o m o e t h a n o l in 8O .5 
percent y i e l d , M.P. = 1 2 4 - 1 2 6 ° C 
2 7 . J . F. Lane, D. R. Walters, J . Am. Chem. Soc'., 7 3 , 4 -234 
( 1 9 5 1 ) -
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2) Triphenylethylene Oxide: To an ether so lu t ion containing 
66.3 grams (0.20k moles) of l , l , 2 - t r iphenyl -2 -bromoethanol was added 20 
grams of pulverized potassium hydroxide. The r e s u l t i n g s lurry was s t i r r e d 
for 24 hours. The ether so lu t ion was decanted away from the s o l i d pre­
c i p i t a t e , and was concentrated to dryness _in vacuo. The r e s u l t i n g white 
s o l i d was washed with water, and r e c r y s t a l l i z e d from absolute methanol. 
The r e s u l t i n g c r y s t a l l i n e material was dried _in vacuo. This procedure 
resul ted in the i s o l a t i o n of 32 grams ( 0 . 1 2 5 moles, 6l percent y i e l d ) of 
27 
white, c r y s t a l l i n e tr iphenylethylene oxide, M.P. = 7 5 - 7 7 ° ) 
A repeat of t h i s react ion resul ted in the i s o l a t i o n of pure t r i ­
phenylethylene oxide in 8l percent y i e l d . 
C) 2 ,2 ,2 - t r ipheny le thano l : The procedure of Rerick and E l i e l was used 
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t o make t h i s compound . A one to four LIAIH^ to AlCl^ reagent was pre­
pared in the fo l lowing manner: To 3 7 - 9 grams (284 2 mi l l imoles) of 
anhydrous aluminum chloride in 500 m i l l i l i t e r s of freshly d i s t i l l e d 
ether was added 25 m i l l i l i t e r s of a 2.84 so lut ion of l i th ium aluminum 
hydride ( 7 1 - 0 5 m i l l imo le s ) . The r e s u l t i n g so lut ion was allowed t o come 
to room temperature, and f i l t e r e d in the nitrogen box and analyzed for 
aluminum. The r e s u l t s of t h i s analys is are given below: 
[ A l l t o t = 1 . 1 7 M [A1HC12]= 4 / 5 [ A l ] t o t = 0 . 934 M 
[A1C1 3] = 0 . 2 3 4 M 
To 23 m i l l i l i t e r s of the above so lut ion (20.4 mi l l imoles) of A1HC12 was 
added an ether so lut ion containing f i v e grams ( 1 9 - 5 mi l l imoles) of t r i ­
phenylethylene oxide . The r e s u l t i n g so lut ion was s t i r red for f i v e and 
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one half hours. The react ion mixture was hydrolyzed with about 20 m i l l i ­
l i t e r s of water, followed by ten m i l l i l i t e r s of ten percent hydrochloric 
acid so lu t ion . The ethereal and aqueous layers were separated, and the 
water layer was extracted with two small portions of ether. The ether 
layers were combined and dried over anhydrous potassium carbonate. The 
ether layer was decanted away from the carbonate, and concentrated t o 
dryness in vacuo. A white semisol id resu l ted , which c r y s t a l l i z e d upon 
standing overnight. The material was r e c r y s t a l l i z e d from l i g r o i n and 
petroleum ether. This procedure resul ted in the i s o l a t i o n of 1 . 3 grams 
of white, c r y s t a l l i n e 2 , 2 , 2 - t r i p h e n y l e t h a n o l , M.P. = 1 0 3 - 1 0 5 ° C ( l i t . 
M.P. = 1 0 3 - 1 0 5 ° ) . 
D) 1 ,2 ,2-Triphenylethanol : 1 1 . 7 m i l l i l i t e r s ( 2 2 . 5 mi l l imoles) of 1 - 9 3 
M li thium aluminum hydride in ether was added to about 200 m i l l i l i t e r s 
of d i s t i l l e d ether in a 500 m i l l i l i t e r three-necked round-bottomed 
f lask f i t t e d with a t e f l o n stopcock, s intered g lass f i l t e r , vacuum s ide-
arm, and 2k/kO standard taper male jo int at the bottom. The jo in t was 
f i t t e d with a three-necked round-bottomed f lask f i t t e d with a pressure 
equal iz ing dropping funnel. To the top f lask containing.ithe. l i th ium 
aluminum.-hydride solution;was added with s t i r r i n g 8 .0 grams ( 7 - 5 
mil l imoles) of anhydrous aluminum chloride . After 30 minutes, the 
resu l t ing aluminum hydride so lut ion was f i l t e r e d through the f r i t into 
the bottom f lask under reduced pressure. An ethereal so lut ion contain­
ing k.O grams of tr iphenylethylene oxide was added through the addit ion 
funnel to the f lask containing the aluminum hydride s o l u t i o n . The re­
su l t ing mixture was s t i r red for two hours at room temperature. Twenty-
f i v e m i l l i l i t e r s of water followed by 35 m i l l i l i t e r s of saturated sodium 
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bitartrate solution were then carefully added to the reaction mixture. 
The ethereal and aqueous layers were separated, and the aqueous layer 
was extracted with four 40 milliliter portions of ether. The ether 
layers were combined and dried over anhydrous potassium carbonate for 
about 30 minutes, and dried in vacuo. This resulted in the isolation of 
3 . 7 5 grams of a greenish, viscous oil. The crude product was recrystal-
lized twice from acid-washed hexane and once from acid-washed petroleum 
ether. The resulting crystals were dried _in vacuo. The entire pro­
cedure resulted in the isolation of I .58 grams (6.4 millimoles, 40-
percent yield) of crude, crystalline 1,2,2-triphenylethanol, M.P. = 
84-86.5°C (lit. M.P. - 8 7 - 8 9 ° ) • A vapor phase chromatography ex­
periment using a two foot column packed with ten percent carbowax 20M 
on diatoport S at 220 degrees showed that the product was about 95 per­
cent pure. 
E) exo-2-norborneol: Ten grams (90.8 millimoles) of exo-norbornene 
oxide was added to a'tetrahydrofuran solution containing 25 millimoles 
of lithium aluminum hydride. The resulting solution was refluxed 
under nitrogen atmosphere for one week. Five milliliters of ethyl 
acetate was added carefully to the cooled reaction mixture to destroy 
the unreacted lithium aluminum hydride. Then 50 milliliters of water, 
followed by 25 milliliters of ten percent sulfuric acid was added. The 
resulting mixture was extracted with five small portions of acid-
washed petroleum ether. The organic layers were combined and dried over 
potassium carbonate, and the solvent was removed _in vacuo• A white solid 
was obtained, which was sublimed at 75 degrees and 0 .75 millimeters of 
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mercury. This resulted in the isolation of 6.7 grams (kk millimoles, 67 
percent crude yield) of crude exo-2-norborneol, M.P. = 102-113°C (lit. 
28 
M.P. = 124-125°C) . An attempted recrystallization of the product from 
ligroin, and a successful recrystallization from pet. ether resulted in 
the isolation of 2 .35 grams ( 2 1 . 5 millimoles, 2k percent yield) of exo-
2-norbornanol,,M-P. = 1 2 3 - 1 2 5°C The above procedure was first carried 
28 
out by Hanack and Kaiser 
F) 7-norborneol: This compound was synthesized according to the 
29 
method of Franzus and Snyder . To a 12 milliliter ethereal solution 
containing 8.5 millimoles of lithium aluminum hydride was added 0.307 
grams (2.84 millimoles) of crude syn-norbornen-2-ol-7. The result­
ing mixture was stirred for 1 2 hours. About 80 percent of the reaction 
mixture was spilled during workup. The remainder was hydrolyzed with-
water and saturated bitartrate solution. The ethereal and aqueous 
layers were separated, and the aqueous layer was extracted with two 
small portions of ether. The combined ether layers were dried over 
potassium carbonate, and concentrated to dryness in vacuo. Twenty milli­
grams of crude product resulted, M.P. = 130-l4o°C (lit. M.P. = 150-
29 
1 5 1 ° ) • Vapor phase chromatography done on a six foot column packed 
with Ucon Polar oil on diatoport S showed that the product was about 
90-95 percent pure. An NMR spectra of a carbon tetrachloride solution 
of the product showed the following absorbtions. Tetramethylsilane 
28. M. Hanack and W. Kaiser, Aim. 657, 12 (1962) . 
29. B. Franzus, E. I. Snyder, J. Am. Chem. Soc, 87, 3^23 
(1965) . 
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was used as an external standard. The absence of a signal at 4 . 3 to 4 . 7 
T shows that the carbon-carbon double bond has indeed been reduced. 
Since lithium aluminum hydride is not known to catalyze skeletal rear­
rangements, we can regard the structure of the product to be proved as 
assigned. 
position of absorbtion assignment 
6.08 T ( s i n g l e t ) CH-0 
7 - 3 5 T ( s i n g l e t ) OH 
8.08 T ( s i n g l e t ) r i n g p r o t o n s 
8 . 3 0 T ( s i n g l e t ) r i n g p r o t o n s 
8.78 T ( s i n g l e t ) r i n g p r o t o n s 
8.97 T ( s i n g l e t ) r i n g p r o t o n s 
G) 2,4,4-1rimethylpentanol: An ether solution containing 1 3 - 9 
grams ( 0 . 1 5 moles) of dry, distilled, oxygen-free t-butyl chloride was 
added over a 40 minute period to 3 -8 grams ( 0 . 1 7 moles) of magnesium 
turnings. The resulting mixture was stirred for an additional 20 min­
utes. To this was slowly added an ether solution containing 8 .83 grams 
( 0 . 1 1 5 moles) of isobutyraldehyde. The reaction mixture was stirred 
for 20 minutes, and was hydrolyzed with water, followed by ten percent 
hydrochloric acid solution. The ethereal and aqueous layers were 
separated, and the aqueous layer was discarded. The ether layer was 
washed with three small poritions of sodium bicarbonate solution, and 
dried over potassium carbonate. The gross product was concentrated to 
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dryness _in vacuo. This procedure resulted in the isolation of 5 - 3 grams 
of a yellow liquid. Analysis using V.P.C showed that this liquid con­
sisted of about 6 5 mole percent of the desired product. An attempt was 
made to fractionally distill the product in Bantamware. Four fractions 
on <. 
were obtained (lit. B.P. = 1 5 5°C) . 
fraction no. boiling pt. range approx. vol• (ml.) 
1 43-75° 2-5 
2 85-95° V 0.4 
3 148-151° 1-5 
4 pot residue 4-5 
Pure 2,4,4-trimethylpentanol was isolated from the third fraction by 
preparative vapor phase chromatography. A six foot column packed with 
ten percent Apiezon L on Diatoport S was used for the separation. The 
conditions are listed below: 
column temp. = 1 2 5 ° det. temp. = 3 5 0 ° 
inj. port temp. = 2 5 0 ° bridge current = 1 5 0 mA. 
He flow = 3 0 cc/min. column diameter = 1/4 in. 
retention time of product = 5 min. 
3 0 . E. A. Cadwallader, A. Fookson, J. Research Wat. Bureau 
Standards, 4 l , 1 1 1 ( 1 9 4 8 ) . 
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H) 2,4,4-trimethylpenten-1-ol-3: This compound was prepared according 
22 
to the procedure of Rerick and Eliel . The procedure involves two steps, 
which will be outlined below. 
1) 3j5-ciinitrobenzoate of 2,4,4-trimethylpenten-l-ol-3: To 12 
grams (0.0984 moles) of 96 percent pure p-diisobutylene oxide in 100 mil­
liliters of dry pyridine was added 25 grams (0.108 moles) of 3,5-d.initro-
benzoyl chloride. The resulting mixture was refluxed for .four hours in 
a 200 ml round-bottomed flask fitted with a water-cooled condenser with 
a calcium chloride-filled drying tube. The reaction mixture was allowed 
to cool and poured into about 700 milliliters of ten percent hydrochloric 
acid and ice. A brown solid resulted, which was filtered out and washed 
with small portions .of water, dilute alkali, and water. The crude 
product was allowed to dry overnight and recrystallized from a mixture 
consisting of nine parts hexane and one part ethyl acetate. This re­
sulted in the isolation of l6.3 grams (0.051 moles, 52 percent yield) 
op 
of crude material, M.P. = 111-117° (lit. M.P. = 120°) . 
2) 2,4,4-1rimethylpenten-1-ol-3: To 200 milliliters of 
methanol was added 13.2 grams (0.046 moles) of the crude product from 
above. To this was added 200 milliliters of 20 percent aqueous sodium 
hydroxide. An exothermic reaction took place and the solution turned 
dark red. The solution was refluxed for three and one half hours, and 
allowed to cool. The cooled reaction mixture was extracted with four 
1 
50 milliliter portions of ether.. The ether layers were combined and 
washed with two 100 milliliter portions of water, and then dried for 
six hours over potassium carbonate. The ether solution was concen­
trated to dryness in vacuo. This resulted in the isolation of 4 .8 grams 
3 4 
( 1 0 0 percent crude y i e l d ) of a yellow-brown l i q u i d . Analysis of the crude 
product by vapor phase chromatography showed several minor components 
and one major component comprising about 8 6 mole percent of the mixture. 
This component was c o l l e c t e d by preparative VPC, from a s i x foot column 
packed with ten percent Carbowax 20M on Diatoport S, under the fo l lowing 
conditions: 
c o l . tern = 1 3 5 ° C He flow = 3 0 cc/min. 
i n j . port . temp. = 250°C bridge current = 1 5 0 mA 
det . temp. = 350°C co l . diameter = l / 4 i n . 
This procedure resul ted in the i s o l a t i o n of 2 . 6 9 grams ( 0 . 0 2 5 7 moles, 
5 6 percent y i e l d ) of a c lear l i q u i d . This l i q u i d was shown to be 
2 , 4 , 4 - t r i m e t h y l p e n t e n - l - o l - 3 by the fo l lowing NMR data. Assignments 
were made on the bas i s of the. integrat ion heights and on known l i t e r a -
31 
ture corre lat ions . Tetramethylsilane was used as an external standard. 
The solvent was carbon t e t r a c h l o r i d e . 
p o s i t i o n of absorbtion no. of protons assignment 
re tent ion time of main product = 1 0 . 4 min. 
5 . 3 6 t ( s i n g l e t ) 2 
6 A 7 t ( s i n g l e t ) 1 CH-0 
6 . 9 0 T ( s i n g l e t ) 1 0-H 
8.5O T ( s i n g l e t ) 3 CH„-C= 
4 . 3 9 t ( s i n g l e t ) 9 C 
3 1 . J . R- Dyer, Applicat ions of Absorbtion Spectroscopy of 
Organic Compounds, Prent ice-Hal l , Inc. Englewood.Cliffs , N .J . , 1 9 ^ 5 . 
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CHAPTER IV 
ANALYTICAL PROCEDURES 
A) Inorganic Reagents: 
1) Sampling Procedures: Aliquots of ethereal l i thium -aluminum 
hydride so lut ions were transferred t o volumetric f l a s k s , and hydrolyzed 
with isopropanol. A l iqu i t s of aluminum hal ide so lut ions were transferred 
t o volumetric f lasks containing isopropanol and a few sodium hydroxide 
p e l l e t s ; both types of samples were then ac id i f i ed with d i l u t e n i t r i c , 
or su l fur ic acid t o d i s so lve any bas ic aluminum s a l t s not in so lu t ion . 
Enough d i s t i l l e d water was then added t o the samples in the f lasks t o 
bring the so lu t ion l e v e l up to the mark. 
2) Aluminum Analyses: Aliquots of the samples prepared as 
above were transferred to Erlenmeyer f la sks and made bas ic to methyl 
red with ammonium hydroxide so lu t ion . A measured excess of standard-, 
ized EDTA (ethylenediaminetetraacet ic acid) so lu t ion was added and the 
r e s u l t i n g so lu t ion was bo i l ed for about three t o f i v e minutes. The 
samples were allowed to cool to room temperature or below- The samples 
were then buffered t o a pH of about four. A volume of ethanol approxi­
mately equal to the volume of the cooled so lu t ion , along with a small 
amount of di thizone indicator in ethanol was then added. The excess 
EDTA was then t i t r a t e d with a standard zinc su l fa t e so lut ion to a blue-
green to red color change. The amount of aluminum in the al iquot can 
be calculated from the fol lowing equation: 
3 6 
mmoles Al = ml. EDTA x - ml. ZnSO^ x ( 3 2 ) 
3 ) Halide Analyses: Chloride analyses were performed poten-
tiometrically, and bromides and iodides were determined by the Volhard 
method. Both methods will be discussed in more detail below: 
a) Potentiometric Halide Determinations: An aliquot of 
the prepared sample was transferred to a beaker, diluted to about 5 0 to 
7 5 milliliters total volume, and acidified to a pH of about three with 
dilute nitric acid. Five milliliters of ethanol were then added to ren­
der the resulting silver chloride precipitate more insoluble. The 
solution was then titrated with standard silver nitrate solution. The 
titration was followed potentiometrically, using a pH meter. The 
reading on the pH scale should be about three at the beginning of the 
titration. A pH reading of 4 . 3 to 4 . 5 corresponds to the endpoint. 
b) Volhard Determinations: An aliquot of the prepared 
sample was diluted with distilled water and acidified with five per­
cent sulfuric acid. Ferric alum indicator was then added, along with 
about ten milliliters of benzyl alcohol per 1 0 0 milliliters of solu­
tion. A measured excess of standard silver nitrate solution was added 
with vigorous swirling. The excess silver nitrate solution was titra­
ted with standard potassium thiocyanate solution until the appearance 
of a reddish-brown color. The amount of halide in the aliquot of pre­
pared sample is calculated.from the following equation: 
mmoles halide = ml. AgNO^ x \g^Q - ml- KCWS x N K C N S ( 3 3 ) 
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B) Product Ratios from Mixed Hydride Reductions: The products from 
mixed hydride reductions were identified by comparison of retention 
times under a standard set of conditions with those of authentic sam­
ples. Quantitative analyses of products were accomplished by compari­
son of peak areas due to the products with the peak area due to a care­
fully measured amount of an internal standard. The peak areas were 
determined by using a planimeter. The following derivation will illus­
trate the principles involved: 
The area under some peak due to a compound, a, is directly 
j 
proportional to the amount of compound a present, i.e., 
A = k wt. (34) 
c l c l c l 
A = area due to a k = proportionality 
a a
 constant 
wt. = weight of a in sample 
a 
The same relationship holds true for any compound, b, i.e., 
A b - k^wt^ (35) 
Division of eq. :(35) by eq. (3*0> and rearrangement yields the follow­
ing relationship: 
3 8 
Let b be the internal standard, and a be the product to be determined. 
The constant, ^^/&y c a n ^ e determined by weighing known amounts of b 
and a, injecting the mixture into the VPC, determining the peak areas, 
and substituting the appropriate values for the weights and areas into 
equation ( 3 6 ) . Rearrangement of equation ( 3 6 ) yields the following 
relationship: 
x wt. 
^ ' a = Z|b/a) - J LA^ ( 3 7 ) 
If a known amount of internal standard is weighed into the gross 
product of a.mixed hydride reduction, and a sample of the resulting mix­
ture is injected into the VPC, and the areas of the peaks due to a and 
the standard b are determined,uthen. the. weight of product a present'1.can 
be determined by substitution of the appropriate values in equation 
( 3 7 ) • The advantage of this method is that it is not a volumetric 
method, and its success depends only on the determination of the 
weight of the standard, and the areas due to the product and standard. 
During the course of this work the reactions of several sub­
strates with various mixed hydrides were studied. Chromatographic 
data on the starting materials and products will now be presented: 
l) Styrene Oxide and its Products: When styrene oxide is 
treated with a mixed hydride reagent, 1- and 2-phenylethanol are ob­
tained in varying relative amounts depending on the properties of the 
12 
mixed hydride used. These products can be determined chromatographi-
cally by using a six foot colximn packed with 20 percent Carbowax 20M 
3 9 
on Chromosorb P. The internal standard used was n-octanol. Values for 
Z were determined from chromatograms of carefully weighed samples of the 
above compounds and the standard by the method outlined above. The 
data obtained is shown in table III, below: 
Table 3 • Vapor Phase Chromatography Data on 
Styrene Oxide and Its Reduction Products 
compound retention time (mins.) Z (oct. cmpd) 
^CH^CHg 9 - 4 1 . 2 2 
(styrene oxide) 
0CHOHCH3 1 3 - 8 1 . 1 2 
(l-phenylethanol) 
0CH2CH2OH 1 8 . 3 1 - 2 2 
(2-phenylethanol) 
n-octanol 5 - 8 
col. temp. = 185°C 
inj. port temp = 250°C 
bridge current - 1 5 0 mA 
det temp - 3 5 0 ° C 
H e flow - 3 0 c,c/min. 
column diameter = l/k in. 
4o 
2) Triphenylethylene Oxide and its Products: When triphenyl­
ethylene oxide is treated with various mixed hydride reagents, several 
products can be formed, which depend on the properties of the mixed hy-
22 
dride. Among these are 1 , 1 , 2 - , 1,2,2-, and 2,2,2-triphenylethanol 
Numerous attempts were made to separate these products, using vapor 
phase chromatography. Several columns were tried under widely varying 
conditions. None of these experiments was successful. The columns and 
conditions tried are listed in Table 4. 
Table 4. Chromatography Conditions Used in Attempts to 
Separate 1,1,2-, 1,2,2-, and 2,2,2-triphenylethanol. 
column packing length (ft.) col. temp. (°C) H e flow (ccs/min.) 
1 0 $ SE 3 0 * 2 1 8 5 - 2 5 0 2 0 0 - 2 5 0 
1 0 $ SE 3 0 6 1 8 5 - 2 5 0 2 0 0 - 2 5 0 
1 0 $ Apiezon L 6 200-240 1 5 0 
1 0 $ Carbowax 20M 2 200-240 1 5 0 
1 0 $ Carbowax 20M 3 200-240 1 5 0 
all column diameters are l/4 in. 
3 ) exo-Norbornene Oxide and its Reduction Products: Vapor 
phase chromatography experiments on products of mixed hydride reductions 
of this epoxide were performed by Mr. Sammy K. Gabriel on an F and M 
model 400 Biomedical gas chromatograph. A six foot column packed with 
kl 
two to three percent Ucon Polar on Chromosorb Q was used Four compor 
nents, listed as (a) through (d) in Table 5 * appear in the gross prod­
ucts of all mixed hydride reductions performed on this epoxide. Not 
all of these components have been identified yet, and the product 
ratios have not been calculated. 
Table 5 - Vapor Phase Chromatography Data on exo-Norbornene 
Oxide and its Reduction Products. 
component known compounds retention times 
(mins ) 
- exo-norbornene 
oxide 
0 . 9 0 
(a) 2 . 1 8 
- exo-2-norborneol 2 . 1 0 
- 2 . 3 0 
- endo-2-norborneol 2 . 3 0 
- 7-norborneol 2 . 2 8 
(c) - 3 . - 3 5 
(d) - 7 - 5 0 
col. temp. = 100°C 
inj. port temp. = 190°C 
col. diameter 
det. temp- = l 8 0 ° 
H e flow = 5 6 cc/min. 
= l/h in. 
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4 ) ft-diisobutylene Oxide and its Products: The products of~ 
mixed hydride reductions, performed on this epoxide are listed in figure 
2 on page 13, as are the abbreviations which will be used here. The 
product ratios were determined from data obtained using a six foot col­
umn packed with ten percent Carbowax 20M.on Diatoport S. The internal 
standard used was n-octanol. Values for Z were determined from chroma­
tograms of carefully weighed samples of each of the products and the 
standard by the method outlined above. Two of the products, 2 , 4 , 4 -
trimethylpentanol-2, and 2,4,4-trimethylpentanol-3 were not separated 
cleanly by this procedure, but the separation obtained was good enough 
that the accuracy of the product ratios was not adversely affected. 
Chromatography data on these compounds is presented in Table 6 . 
The Z values shown in Table 6 indicate that, except for the 
olefinic alcohol (A-1-TMP0H-3), the areas under the peaks due to the 
products are directly proportional in the same manner to the mole 
percentages of the products. The area due to the olefinic alcohol 
can be corrected so that it is proportional to the mole percentage 
in the same manner as those for the other products. The total 
material balance can be obtained by comparing the total area under all 
peaks due to products with the same area under the peak due to the in­
ternal standard n-octanol. This procedure was used to calculate all 
product ratios and material balances from mixed hydride reductions 
of B-diisobutylene oxide, and will be illustrated by a set of sample 
calculations in the appendix. 
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Table 6 . Vapor Phase Chromatography Data on ^ -diisobutylene 
Oxide and its Reduction Products. 
compound retention time (min.) Z (oct./cmpd.) 
epox. 2.2 1.01 
TMP0H-2 5 - 6 1.02 
TMP0H-3 6 . 8 1.01 
A-1-TMP0H-3 9-0 1 . 0 8 
TMBOH 12 .8 1.01 
n-octanol 1 8 . 0 
col. temp. = 1 3 5 ° C det. temp. = 3 5 0 ° C 
inj. port temp. - 2 5 0 ° C H e flow = ko cc/min 
bridge current - 1 5 0 mA. column diameter = l /4 in. 
CHAPTER V 
MIXED HYDRIDE REDUCTIONS 
A) Styrene Oxide: The fol lowing procedures were used for a l l mixed 
hydride reductions carried out on t h i s epoxide. The mixed hydride 
reagents were prepared in the fol lowing manner: Freshly d i s t i l l e d ether 
was added to a three-necked round-bottomed f lask f i t t e d with a mechani­
cal s t i r r e r , an addit ion funnel with a pressure equal iz ing sidearm, and 
a dry i ce /acetone cooled condenser. The ether was cooled in a dry 
ice /acetone bath and a careful ly weighed amount of anhydrous aluminum 
chloride was added. A measured amount of l i thium aluminum hydride was 
then added dropwise to the cooled aluminum chloride-ether s lurry . The 
r e s u l t i n g mixture was allowed to warm to room temperature and transferred 
to the nitrogen box where i t was f i l t e r e d through a s intered g lass f i l ­
t e r . An al iquot was taken and an aluminum analys is run. 
A measured amount of an ethereal styrene oxide so lu t ion of known 
concentration was added t o a measured amount of standardized mixed 
hydride so lu t ion and an amount of ether s u f f i c i e n t to make the react ion 
mixture up t o a cer ta in standard volume. The r e s u l t i n g mixtures were 
allowed to stand for two hours and worked up in the fol lowing manner: 
Ten m i l l i l i t e r s of water and ten m i l l i l i t e r s of saturated 
sodium b i t a r t r a t e so lu t ion were careful ly added to the react ion mixture. 
The ethereal and aqueous layers were separated and the aqueous layer was 
extracted with three ten m i l l i l i t e r portions of e ther . The ether layers 
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were combined and dried over anhydrous sodium carbonate. A weighed 
amount of n-octanol , the internal standard for chromatographic product 
r a t i o determinations, was added and the so lut ion was concentrated to 
about one tenth of i t s or ig ina l volume. The product ra t io s were then 
determined. The fol lowing reductions were carried out on styrene 
oxide i n t h i s manner: 
1 ) Lithium Aluminum Hydride Alone: To 5 0 m i l l i l i t e r s of d i s ­
t i l l e d ether was added 1 . 2 3 m i l l i l i t e r s of ( 3 A 9 mi l l imoles , l 4 m i l l i -
equivalents hydride) of 2.84 molar l i th ium aluminum hydride and ten 
m i l l i l i t e r s ( l 4 . 3 mi l l imoles) of 1 . 4 3 molar ethereal styrene oxide . 
An exothermic react ion took place.' The ether refluxed in the react ion 
f lask for two or three minutes. The react ion and workup procedures 
l i s t e d above were followed except that the aqueous layer was a c i d i f i e d 
with d i l u t e mineral acid to d i s so lve the bas ic aluminum s a l t s O . 5 6 6 
grams of n-octanol was added, and the concentrated react ion mixture 
was chromatographed to determine the product r a t i o s (entry no. 1 , 
Table 7 ) . 
An i d e n t i c a l reduction was performed, except that 1 . 5 1 
m i l l i l i t e r s ( 4 . 2 8 mi l l imoles , 1 7 - 2 mi l l i equ iva len t s hydride) of 2.84 
molar l i th ium aluminum hydride was used, and 0 . 8 4 5 grams of n-octanol 
was added (entry no. 2 , Table 7 ) • 
2 ) One t o Three LiAlH l | t o AlCl^ Reagent: The mixed hydride 
reagent was prepared by mixing 3 2 - 7 grams ( 0 . 2 1 3 moles) of aluminum 
chloride and 2 5 m i l l i l i t e r s ( 0 . 0 7 1 moles, 0 . 2 8 4 equivalents hydride) of 
2.84 molar l i th ium aluminum hydride and 8 0 0 to 9 0 0 m i l l i l i t e r s of 
d i s t i l l e d ether. An aluminum analysis ' showed the fo l lowing re su l t s : 
[ A l ] t o t = [HAlClg] = 2.25M 
To 2 . 6 7 milliliters ( 6 . . 0 1 mmoles HAlClg) of the above reagent was 
added ten milliliters of distilled ether and 5 0 milliliters ( 6 . 0 1 
mmoles) b'f 0 . 1 2 0 1 molar s.tyrene oxide solution. An exothermic reaction 
occurred. 0 . 6 4 2 grams of n-octanol was added after hydrolysis to the 
gross product and the product ratios and material balances were deter­
mined (Entry 5 , Table 7 ) . 
An identical reduction was performed except that 3 - 2 0 milliliters 
( 7 > 2 millimoles HAlClg) of the mixed hydride reagent was used and 0 . 4 8 9 
grams b'f n-octanol was added (Entry 4 , Table 7 ) • 
3 ) One to Four LiAlH^ to AlCl^ Reagent. The mixed hydride 
reagents was prepared from 3 7 » 9 grams ( 0 . 2 8 4 moles) of aluminum 
chloride, 5 0 0 milliliters of ether and 2 5 milliliters ( 0 . 0 7 1 moles) of 
2 . 8 4 molar lithium aluminum hydride solution. An aluminum analysis 
showed the following results. 
[ A l ] t Q t »• 1.17M [HAlClg] = 4 / 5 [ A l ] t Q t - 0 . 9 3 ^ ' 
[AlClg] = 0 . 2 3 4 M 
To a solution containing 40 milliliters of ether and 7 ' 6 6 milli­
liters ( 7 ' 1 5 millimoles HAlCl,,) of the above reagents was added 5 
milliliters ( ? . 1 5 mmoles) of 1 . 4 3 molar styrene oxide solution. An 
exothermic reaction occurred. 0 . 7 9 7 grams of n-octanol were added 
during the workup, and the product ratios were determined. (Entry no. 
4, Table 7 ) . 
B) eXo-Noyhornene Oxide; The same type of procedure was used for 
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react ions performed on t h i s epoxide as was used for styrene oxide 
reductions except that a react ion time of hi hours was used, and the 
react ion mixtures were thermostatted at 25 degrees in a constant tem­
perature bath. Enough ether was added to the hydride reagent so that 
the t o t a l volume of the react ion mixtures was 25 m i l l i l i t e r s . The 
fo l lowing reductions were performed in t h i s manner: 
1) Lithium Aluminum Hydride Alone: To 0 . 35 m i l l i l i t e r s (1.0 
mmoles, 3-98 mequivalents hydride) of 2.84 molar l i th ium aluminum 
hydride so lu t ion and 1 3 . 6 m i l l i l i t e r s of ether was added 10 m i l l i ­
l i t e r s (3-98 mi l l imoles) of 0 .398 molar exo-norbornene oxide i n e ther . 
The react ion mixture was worked up in the usual manner and given to 
Mr. S. K. Gabriel for analysis, . 
2) one to Four LiAlH^ to A1CL, Reagent: To 4.6 m i l l i l i t e r s 
(3-98 mmoles HAlClg) of the one to four reagent used in the styrene 
oxide reduction, and 10.4 m i l l i l i t e r s of ether was added 10 m i l l i l i t e r s 
(3 .98 mmoles) of the above epoxide s o l u t i o n . The react ion mixture was 
worked up in the usual manner and given to Mr. S. K. Gabriel for 
a n a l y s i s . 
3 ) Three to One LiAlH^ to AlCl^ Reagent (With ten percent Excess 
LiAlHij): A so lu t ion of three to one reagent was prepared from the one 
t o four reagent and the l i thium aluminum hydride so lu t ion according to 
the fo l lowing equation: 
llLiAlH^ + 4A1HC12 + A1C13 + LiCl -» 15A1H3 + 12L1C1 ( 3 3 ) 
A ten percent excess of l i th ium aluminum hydrides was added to s t a b i l i z e 
the resul tant aluminum hydride. 
48 
To 0 .38 m i l l i l i t e r s ( 1 . 0 7 mmoles) of 2.84 molar l i thium aluminum 
hydride so lu t ion plus 1 3 - 5 m i l l i l i t e r s of ether was added 1 . 1 3 m i l l i ­
l i t e r s of the one to four reagent ( 1 . 0 6 mmoles HAlClg and O.265 mmoles 
AlCl^) used above ( t h i s mixture cons i s t s of 1 . 6 6 mmoles AlH^'and 0 . 1 6 6 
mmoles LiAlH^). To t h i s reagent was added 1 0 m i l l i l i t e r s (3«98 meq) of 
exo-norbprnene oxide so lu t ion . The react ion , workup and product deter­
mination were carried out as usual . 
4) Three t o One LiAlH^ to AlCl-> Reagent; This reagent was 
prepared in the same manner as that used in the synthesis of 1 , 2 , 2 -
tr iphenylethylene oxide. To 25 ml of ether was added 0 . 2 7 5 grams ( 2 . 0 6 
mmoles) of anhydrous aluminum chloride . To t h i s was added 3 - 2 m i l l i ­
l i t e r s of 1 . 9 3 molar ( 6 . 2 mmoles) ethereal l i thium aluminum hydride 
so lu t ion . To the f i l t e r e d reagent was added 0 .80 grams (8.24 mmoles) 
of exo-norbornene oxide in 20 m i l l i l i t e r s of ether. The re s t of the 
react ion, workup, and product determination were carried out in the 
usual manner. 
C) (3-Diisobutylene Oxide: Mixed hydride reagents were prepared in 
the nitrogen box by slowly adding measured amounts of fresh ly standard­
ized l i thium aluminum hydride so lut ion to a f lask containing a magnetic 
s t i r r e r , a measured amount of a freshly prepared and standardized 
ethereal aluminum chloride so lu t ion , and an amount of ether s u f f i c i e n t 
to bring the r e s u l t i n g react ion mixture up to a certa in approximate 
volume Any s o l i d material which appeared was not removed The rea­
gent was allowed to stand for from 20 to 30 minutes, and then a 
measured amount of standard f3-diisobutylene oxide (usual ly 0 .500 grams, 
3 9 mmoles). The ether refluxed, indicat ing that an exothermic 
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react ion was occurring. The resu l t ing mixture was allowed to stand 
for two hours and then was careful ly hydrolyzed with 1 0 m i l l i l i t e r s of 
water and enough d i l u t e mineral acid to d i s so lve any bas ic aluminum 
s a l t s . The ethereal and aqueous layers were separated and the aqueous 
layer extracted with three f i ve m i l l i l i t e r portions of ether. The 
ether layers were combined and dried over anhydrous potassium carbonate. 
A measured amount (usual ly from a standard ether so lut ion) of n-octanol 
was added to the dried product so lu t ion , and the r e s u l t i n g so lut ion was 
concentrated to about one tenth of i t s original- volume in vacuo. The 
product rat ios were determined chromatographically. The fol lowing 
react ions were carried out on f3-diisobutylene oxide in t h i s manner, and 
dupl icate runs were made, unless otherwise stated: 
1 ) LiAlH^ Alone; To 1 . . m i l l i l i t e r s (3.3k mmoles) of 1 . 9 3 
molar LiAlH^ and 1 8 m i l l i l i t e r s of ether was added 5 m i l l i l i t e r s (k.k6 
mmoles, 3 equivalents hydride per mole epoxide) of 0 .892 molar ethereal 
p-di i sobutylene oxide. The react ion was carried out in the usual man­
ner. To one react ion mixture was added by d irect weighing, O .323 
grams of n-octanol; to the other was added 0 . 2 7 3 grams. The product 
ra t io s were determined chromatographically (entry 2 , Table 8 ) . 
2 ) One to Four LiAlH^ to A1C1 Reagent: To lk.76 m i l l i l i t e r s 
( 1 1 . 6 8 mmoles) of O.789 molar aluminum chloride so lut ion was added 4 . 1 8 
m i l l i l i t e r s ( 2 . 9 2 mmoles) of O.698 molar l i thium aluminum hydride 
so lu t ion (produces 1 1 . 6 8 mmoles HAlClg). A small amount of white 
p r e c i p i t a t e appeared during the mixing of these s o l u t i o n s , which 
turned black after about two hours. To the above so lu t ion was added 
2 . 9 5 m i l l i l i t e r s ( 0 .500 grams, 3 -8 mmoles) of an ether so lut ion 
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containing 0 . 1 6 9 4 grams per m i l l i l i t e r of f3-diisobutylene oxide. The 
react ion and workup were carried out in the usual manner. To the gross 
product was added 0 .462 grams of n-octanol . Only one run was made. The 
product ra t ios were then chromatographically determined (entry 4, Table 
8 ) . 
3 ) One to Three LiAlH^ t o A1C1 Reagent: To 1 1 . 0 7 m i l l i l i t e r s 
( 8 . 7 6 mmoles) of the aluminum chloride so lut ion used above and 5 m i l l i ­
l i t e r s of ether was added 4,.l8 m i l l i l i t e r s ( 2 - 9 2 mmoles) of the l i th ium 
aluminum hydride so lu t ion (produces 1 1 . 6 8 mmoles HAlClg)• A small 
amount of white prec ipi tate , appeared, which turned black af ter about two 
hours. To t h i s so lut ion was added 2 . 9 5 m i l l i l i t e r s ( 0 . 500 grams, 3 -8 
mmoles) of the above epoxide so lu t ion . The react ion and workup were 
carried out in the usual manner. To the gross product was added 0 .462 
grams of n-octanol . The product ra t ios and material balances were then 
determined (entry 5 , Table 8 ) . 
4) One to One LIAIH^ to AlCl^ Reagent. To 3-69 m i l l i l i t e r s 
( 2 . 9 2 mmoles) of the above aluminum chloride so lut ion and 1 5 m i l l i ­
l i t e r s of ether was added 4 . 1 8 m i l l i l i t e r s ( 2 - 9 2 mmoles) of the above 
l i thium aluminum hydride so lu t ion (produced 5-84 mmoles H^AlCl). A 
small amount of white prec ip i ta te appeared, which turned green on 
standing for two hours. To t h i s so lut ion was added 2 . 9 5 m i l l i l i t e r s 
(0 .500 grams, 3 -8 mmoles) of the above epoxide s o l u t i o n . The react ion 
and workup were carried out as usual , and 0 .462 grams of n-octanol were 
added. The product ra t ios were then determined (entry 7> Table 7 ) • 
Another set of reductions with t h i s reagent was set up in the 
fol lowing manner: To 5 -38 m i l l i l i t e r s ( 3 - 1 2 5 mmoles) of O .58I molar 
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aluminum chloride so lut ion and 12 m i l l i l i t e r s of d i s t i l l e d ether was 
added 4.58 m i l l i l i t e r s (3 -125 mmoles) of 0.683 molar l i thium aluminum 
hydride so lu t ion . Two mixed hydride reagents were prepared according 
to t h i s procedure; one where the so lut ions were mixed at room tempera­
ture (25°C) and the other where the reagent was intermit tent ly cooled 
in a l i q u i d nitrogen bath during mixing so that the temperature was be­
tween - 1 5 degrees and 5 degrees. Infrared spectra of both reagents, in 
d ie thy l ether so lu t ion were obtained and showed the fol lowing absorp­
t i o n s : 
X max (microns) assignment 
5.25 (weak) 
5 .40 (strong) 
5.6O (weak), 
The infrared spectra of the mixed hydride prepared at room temperature 
and the mixed hydride prepared at - 1 5 t o f i v e degrees were i d e n t i c a l in 
shape in the 5-0 to 6.0 micron region. To both so lut ions was added 
2.86 m i l l i l i t e r s (0.500 grams, 3-8 mmoles) of a [3-diisobutylene oxide 
so lut ion which contained 0.174 grams epoxide per m i l l i l i t e r s of solur-
t i o n . The react ion and workup were carried out as usual . To the gross 
products were added 0.37^ grams of n-octanol , and the product ra t io s 
were determined (product rat ios for the reduction using the mixed hy­
dride reagent generated at low temperature i s given in entry 8, Table 7, 
and those for the reduction using the reagent generated at room temper-
HA1C12 
H^AICI 
AUL, 
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ature i s given in entry 9> Table 8 ) . 
Another reduction with t h i s reagent was set up in a s imilar 
manner. To l 6 . 9 m i l l i l i t e r s (5-84 mmoles) of 0 . 3 4 5 molar aluminum 
chloride so lut ion was added 5 - 9 4 m i l l i l i t e r s (5-84 mmoles) of O.983 
molar l i thium aluminum hydride so lut ion (produces 1 1 . 6 8 mmoles HgAlCl; 
3 fo ld molar excess of H^AICI over epoxide) . To t h i s was added 3 « 3 
m i l l i l i t e r s ( 0 . 5 0 0 grams, 3 - 8 moles) Of a (3-diisobutylene oxide solu­
t i o n containing 0 . 1 5 2 grams of epoxide per m i l l i l i t e r of so lu t ion . 
The react ion and workup were carried out in the usual manner. To the 
gross product was added O . 3 8 3 grams of n-octanol , and the product ra t io s 
and material balances were determined. Only one run was made (entry 
1 0 , Table 7 ) • 
5 ) Three t o One LiAlH^ to A1C1 Reagent: To 1 - 3 3 m i l l i l i t e r s 
( 0 . 9 7 3 mmoles) of 0 . 7 9 molar aluminum chloride so lut ion and 1 5 m i l l i ­
l i t e r s of ether was added 4 . l 8 m i l l i l i t e r s ( 2 - 9 2 mmoles) of O.698 molar 
l i thium aluminum hydride (produces 3 - 8 mmoles AlH^). Copious amounts 
of a white prec ip i ta te appeared as the so lut ions were mixed, which did 
not change color with the passage of t ime. To t h i s reagent was added 
2 . 9 5 m i l l i l i t e r s ( 0 . 5 0 0 grams, 3 - 8 mmoles) of a (3-diisobutylene oxide 
so lut ion containing O . 1 6 9 grams of epoxide per m i l l i l i t e r of so lu t ion . 
The react ion and workup were carried out in the usual manner. To the 
gross product was added 0 . 4 6 2 grams of n-octanol and the product 
ra t io s were determined (entry 1 2 , Table 7 ) • 
Another reduction was carried out in a s imilar manner by adding 
8 . 9 1 m i l l i l i t e r s ( 8 . 7 6 mmoles) of O.983 molar l i thium aluminum hydride 
so lut ion to 8.46 m i l l i l i t e r s ( 2 . 9 2 mmoles) of 0 . 3 4 5 molar aluminum 
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chloride so lut ion and f ive m i l l i l i t e r s of ether (produces 1 1 . 6 8 mmoles 
AlH^j a three - fo ld molar excess of AlH^ over epoxide) . To t h i s reagent 
was added 3 - 3 r m i l l i l i t e r s (0-500 grams, 3 -8 mmoles) of a p-di i sobutylene 
oxide so lut ion containing 0 . 1 5 1 grams of epoxide per m i l l i l i t e r of so lu­
t i o n . The react ion and workup were carried out in the usual manner. 
To the gross product was added O.383 grams of n-octanol and the product 
ra t io s were determined. Only one run was made (entry 1 3 , Table 7 ) • 
6) Three t o One LiAlHL, t o AlCl^ Reagent with Excess LiAlH^: 
To 1 . 6 8 m i l l i l i t e r s ( 0 .975 mmoles) of O .58I molar aluminum chloride and 
1 7 m i l l i l i t e r s of ether was added 4 . 58 m i l l i l i t e r s ( 3 - 1 2 5 mi l l imoles ) 
of O.683 molar l i thium aluminum hydride so lut ion (produces 3 -8 mmoles 
AlH^, plus 0 .205 mi l l imoles excess lithium* aluminum hydride) . To t h i s 
so lut ion was added 2 .86 m i l l i l i t e r s ( 0 .500 grams, 3 -8 mmoles) of a 
d i i sobutylene oxide so lut ion containing 0 . 1 7 5 grams of epoxide per mil­
l i l i t e r of so lu t ion . The react ion and workup were carried out in the 
usual manner. To the gross product was added 0 . 3 7 ^ grams of n-octanol . 
The product ra t ios and material, balance were determined (entry lk, 
Table 8 ) . 
7 ) Pure HAICI^: Pure hydridoaluminum dichloride was prepared 
according to the method of Ashby and Prather"^. To 50 m i l l i l i t e r s 
( 2 6 . 5 mmoles) of 0 . 5 3 1 molar aluminum chloride so lut ion was added 1 3 - 1 
m i l l i l i t e r s (8 -95 mmoles) of 0.683 molar l i thium aluminum hydride so lu­
t i o n (produces 3 5 - 5 mmoles HAICI^). The ether was removed in vacuo, and 
benzene was d i s t i l l e d d i r e c t l y into the f lask containing the concen­
trated hydride. The resu l t ing so lut ion was f i l t e r e d free of s o l i d 
material and concentrated to dryness in vacuo. The benzene extract ion 
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was repeated twice more. This resul ted in the i s o l a t i o n of 3-047 grains 
( 1 7 - 7 mmoles, 50 percent y i e l d ) of c lear l iqu id with a small amount of 
s o l i d materia l , which was probably a hydrolysis product. The pure 
HAlClg was transferred to a 50 m i l l i l i t e r volumetric f l a sk . Enough 
ether was added to bring the so lut ion l e v e l to the mark. 
To a 20 m i l l i l i t e r (7 -08 mmoles) portion and a 30 m i l l i l i t e r 
( 1 0 . 6 mmoles) portion of the above hydridoaluminum dichloride so lut ion 
were added 1 . 8 m i l l i l e t e r ( 0 . 2 7 3 grams, 2 . 0 7 mi l l imoles) portions of a 
(3-diisobutylene so lut ion containing 0 . 1 5 0 grams of epoxide per m i l l i ­
l i t e r . The react ion and workup were carried out as usual . To the 
gross product was added 0 . 1 0 1 grams of n-octanol . The product r a t i o s 
and material balances were determined. The product ra t io s were found 
t o be i d e n t i c a l within an absolute percent, so only the average of 
the two se t s of product ra t io s w i l l be presented (entry 1 5 , t ab le 8 ) . 
8) One t o Three LiAlD^ t o A1C1 Reagent: To 3 7 - 0 m i l l i l i t e r s 
( 1 2 . 8 mmoles) of 0 . 3 4 5 molar aluminum chloride so lut ion was added a 1 0 
or 1 2 m i l l i l i t e r ether slurry containing 0 . 1 7 9 grams ( 4 . 2 7 mmoles) of 
l i thium aluminum deuteride. The r e s u l t i n g mixture was s t i rred for 20 
to 30 minutes. A white prec ip i ta t e appeared, which turned black af ter 
two hours. To the r e s u l t i n g reagent was added 6 .0 m i l l i l i t e r s ( 0 - 9 1 
grams, 6 . 9 1 mmoles) of a p-di isobutylene oxide so lu t ion containing 
0 . 1 5 2 grams of epoxide per m i l l i l i t e r . The react ion and workup were 
carried out in the usual manner. About three quarters of the gross 
product was l o s t through s p i l l a g e . An attempt was made t o salvage 
t h i s l o s t port ion. No n-octanol was added and only product ra t ios 
were determined (entry 1 5 , Table 7 ) -
55 
About 1 0 milligrams of 2,4,4-trimethylpentanol-3 (TMPOH-3) and 
300 to 400. milligrams of tetramethylbutanol (TMBOH) were co l l ec ted from 
repeated i n j e c t i o n of 0 . 1 to 0 . 2 m i l l i l i t e r samples of the gross product 
into a s i x foot column packed with ten percent carbowax 20M under the 
same conditions as those used for the product determinations. NMR 
spectra were taken, and compared with those obtained from a sample of 
undeuterated alcohol i so la t ed by preparative VPC from the reduction in ­
volving the one t o one LiAlH^ to AlBr^ combination. The re su l t s are 
l i s t e d in Table 8. 
Tetrahydrofuranates and triethylammonates of the various chloride 
mixed hydride reagents were prepared by mixing aluminum chloride and 
l i th ium aluminum hydride so lut ion according t o procedures out l ined 
above, and then adding a measured amount of one of the two so lvat ing 
species l i s t e d above. Epoxide was then added and the react ion and 
workup procedures l i s t e d were fol lowed. The fol lowing mixed hydride 
reagents were reacted with [3-diisobutylene oxide under these condi­
t i o n s . Duplicate runs were made, unless otherwise s ta ted . 
l ) One to Three LIAIH^ to A1C1,, Reagent as the Tetrahydro-
furanate:' To 1 5 - 1 m i l l i l i t e r s ( 8 . 7 8 mmoles) of O .58I molar aluminum 
chloride so lut ion was added 4 .40 m i l l i l i t e r s ( 3 - 0 mi l l imoles) of O.683 
molar l i thium aluminum hydride so lut ion and 1 . 7 7 grams ( 2 4 . 7 mmoles, 
about a two-fold excess of THF over HAlClg) of tetrahydrofuran. To 
t h i s reagent was added 2 .86 m i l l i l i t e r s ( 0 .500 grams, 3 -8 mmoles) of a 
(3-diisobutylent oxide so lut ion containing 0 . 1 7 5 grams of epoxide per 
m i l l i l i t e r . The react ion and workup were carried out in the usual 
manner. To the gross product was added 0 . 3 7 ^ grams of n-octanol . The 
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product ra t io s and material balances were determined (entry 1 , t ab l e 9 ) -
2) One t o One LiAlH^ t o A1C1 Reagent as the Tetrahydro-
furanate: To 5 -62 m i l l i l i t e r s (2-98 mmoles) of 0 . 5 3 ) molar aluminum 
chloride so lut ion and 1 0 m i l l i l i t e r s of ether was added 4 . 3 5 m i l l i ­
l i t e r s ( 2 . 9 5 mmoles) of O.683 molar l i thium aluminum hydride so lu t ion , 
and 1 . 2 c c ( l . 2 6 grams, about 1 2 mi l l imoles , two-fold molar excess over 
HgAlCl) of tetrahydrofuran. To t h i s reagent was added 2 . 8 m i l l i l i t e r s 
(0 .490 grams, 3 -8 mmoles) of a (3-diisobutylene oxide so lut ion contain­
ing 0 . 1 7 5 grams epoxide per m i l l i l i t e r . The react ion and workup were 
carried out as usual . To the gross product was added 0 .284 grams of 
n-octanol . The product rat ios and material balances were determined 
(entry 2 , Table 9 ) . 
3 ) Three t o One LiAlH^ t o A1CL, Reagent as the Tetrahydro-
furanate: To I . 8 7 m i l l i l i t e r s (0-99 mmoles) of 0 - 5 3 1 molar aluminum 
chloride so lut ion and 1 5 m i l l i l i t e r s of ether was added 4 . 3 5 m i l l i ­
l i t e r s ( 2 . 9 4 mmoles) of O.683 molar l i thium aluminum hydride so lut ion 
and 0 .82 m i l l i l i t e r s (0 .86 grams, 8 . 2 mi l l imoles , two-fold molar ex­
cess over -AlH )^ of tetrahydrofuran. To t h i s reagent was added 2 . 8 
m i l l i l i t e r s ( 0 . 4 9 1 grams, 3 -8 mmoles) of the (3-diisobutylene oxide 
so lut ion described above. The react ion and workup were carried out 
as usual . To the gross product was added 0 .284 grams of n-octanol . 
The product ra t io s and material balances were determined (entry 3 , 
Table 9 ) . 
4) One to- Three LiAlH^ t o AlCl- '^ Reagent as the Triethyl -
amminate: To 1 5 - 1 m i l l i l i t e r s ( 8 .78 mi l l imoles) of O .58I molar 
aluminum chloride so lu t ion was added 4 .40 m i l l i l i t e r s ( 3 - 0 mmoles) 
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of 0.683 molar l i thium aluminum hydride so lut ion and 3 - 5 ' m i l l i l i t e r s 
(2.52 grams, 25 mmoles; two-fold molar excess over HAlClg) of t r i e t h y l ­
amine. To the resu l t ing reagent was added 2.86 m i l l i l i t e r s (0.500 
grams, 3-8 mmoles) of a f3-diisobutylene oxide so lut ion containing 0 .175 
grams of epoxide per m i l l i l i t e r of so lu t ion . The react ion and workup 
were carried out in the usual manner. To the gross product was 0.374 
grams of n-octanol . The product ra t io s and material balance were 
determined. Only one run was made (entry 4, Table. 7)• 
Another mixed hydride reagent of t h i s type was prepared using 
a d i f ferent ra t io of triethylamine t o hydridoaluminum chloride (one t o 
one molar r a t i o ) . To 15-8 m i l l i l i t e r s (8.42 mi l l imoles) of 0.53.1 molar 
aluminum chloride so lut ion was added 4.l6 m i l l i l i t e r s (2.84 mmoles)1 of 
O.683 molar l i thium aluminum hydride so lut ion and 1.64 m i l l i l i t e r s ( l . l 8 
grams, 1 1 . 7 mi l l imoles) of tr iethylamine. To the r e s u l t i n g so lut ion was 
added 2-9 m i l l i l i t e r s (0.491 grams, 3 -7 mi l l imoles) of a p-di i sobutylene 
oxide so lut ion containing 0 .175 grams of epoxide per m i l l i l i t e r . The 
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react ion and workup were carried out in the usual manner. To the gross 
product was added 0.284 grams of n-octanol . The product r a t i o s and 
material balances were determined. Only one run was made (entry 5, 
Table 7 ) . 
5) One to One LiAlH^ to A1C1~, Reagent as the Triethylamminate: 
To 5.28 m i l l i l i t e r s (2.80 mmoles) of 0-531 molar aluminum chloride 
so lu t ion and 10 m i l l i l i t e r s of ether was added 4.l6 m i l l i l i t e r s (2.84 
mmoles) of O.683 molar l i thium aluminum hydride so lut ion and 0.82 
m i l l i l i t e r s (0-59 grams, 5-8 mmoles; one t o one molar r a t i o t r i e t h y l ­
amine to H AlCl) . To t h i s reagent was added 2-90 m i l l i l i t e r s (0.491 
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grams, 3 - 7 mi l l imoles) of a (3-diisobutylene oxide so lut ion containing 
0 . 1 7 5 grams of epoxide per m i l l i l i t e r of so lu t ion . The react ion and 
workup were carried out as usual . To the gross product was added 0 . 2 8 4 
grams of n-octanol . The product ra t io s and material balances were 
determined. Only one run was made (entry 6 , Table 9 ) • 
6 ) Three t o One LiAlH,, t o A1C10 Reagent as the Triethyl-
amminate: To I . 7 6 m i l l i l i t e r s ( 0 - 9 3 5 mmoles) of 0 . 5 3 1 molar aluminum 
chloride so lut ion and 1 5 m i l l i l i t e r s of ether was added 4 . l 6 m i l l i ­
l i t e r s (2.84 mmoles) of 0 - 6 8 3 molar l i thium aluminum hydride so lut ion 
and 0 . 5 4 m i l l i l i t e r s ( 0 - 3 9 grams, 3 - 8 mmoles of tr ie thylamine . To the 
r e s u l t i n g reagent was added 2 - 9 0 m i l l i l i t e r s ( 0 . 4 9 1 grams, 3 - 8 m i l l i ­
moles) of the p-di isobutylene oxide so lu t ion described immediately 
above. The react ion and workup were carried out in the usual manner. 
To the gross product was added 0 . 2 8 4 grams of n-octanol . The product 
r a t i o s and material balance were determined. Only one run was made 
(entry 7 , Table 9 ) . 
Mixed hydride reductions of f i-diisobutylene oxide involving 
mixtures of l i thium aluminum hydride and aluminum iodide in various 
molar r a t i o s were carried out by exact ly the same types of procedures 
as used for those using reagents prepared with l i thium aluminum hydride 
and aluminum chloride . The reductions were exothermic. The ana ly t i ca l 
data for the various so lut ions used i s shown below. 
[LiAlH^] = O.998M t A 1 I 3 ^ = ° - 6 9 8 M 
A1:I = 1 : 2 . 9 0 
[epox.J = 0 . 1 6 9 gram/ml. 
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Reductions using the fol lowing reagents were carried out in (3-diisobu-
ty lene oxide. Duplicate runs were made in both cases . 
1 ) One t o Three LiAlH^ to A l l Reagent: To 1 5 - 5 ml ( 8 . 7 6 
mmoles) of the above aluminum iodide so lut ion and 5 m i l l i l i t e r s of 
ether was added 2 - 9 3 m i l l i l i t e r s ( 2 - 9 2 mmoles) of the above l i th ium 
aluminum hydride so lut ion (produces 1 1 . 6 8 mmoles HAII^). To the re­
su l t ing reagent was added 2 . 9 6 m i l l i l i t e r s ( 0 - 5 0 0 grams,. 3 . 8 mmoles) of 
the (3-diisobutylene oxide so lu t ion . The react ion and workup were car­
r ied out as usual . The crude product was brown, presumably from the 
presence of free iodine . To the gross product was added 0 . 2 1 2 grams of 
n-octanol . The product rat ios and material balances were determined 
(entry 3 , tab le 1 0 ) . 
2 ) One to One LiAlH^ to A l l Reagent: To k.l8 m i l l i l i t e r s ( 2 - 9 2 
mmoles) of the aluminum iodide so lut ion and 1 5 m i l l i l i t e r s of ether was 
added 2 . 9 3 m i l l i l i t e r s ( 2 . 9 2 mmoles) of the l i thium aluminum hydride 
so lu t ion (produces 5-84 mmoles H^All). To the re su l t ing reagent was 
added 2 . 9 6 m i l l i l i t e r s ( 0 . 5 0 0 grams, 3 - 8 mmoles) of the (3-diisobutyl-
ene oxide so lu t ion . The react ion and workup were carried out in the 
usual manner. The gross product was brown, presumably from the 
presence of free iodine . To the gross product was added 0 . 2 1 2 grams 
of n-octanol . The product r a t i o s , and material balances were deter­
mined (entry k, Table 1 0 ) . 
The mixed hydride reductions of (3-diisobutylene oxide involving 
mixtures of l i thium aluminum hydride and aluminum bromide in various 
molar ra t io s were carried out by using a s l i g h t l y d i f ferent procedure. 
The so lut ions were introduced into a flame-dried, f lask under a dry 
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nitrogen atmosphere through a ribber serum cap by means of an appropri­
a te ly s ized flame-dried and nitrogen purged hypodermic syringe. The 
reductions were exothermic. The ana ly t i ca l data for the various so lu­
t i ons i s presented below. 
[LiAlH^] = 0 . 8 6 6 M [ A 1 B R 3 1 _ 1 0 o c = 0 . 6 3 3 M 
[epox] = 0 . 1 5 2 grams/ml Al: Br = 1 : 3 - 0 3 
The aluminum bromide so lut ion was red, presumably because a trace 
amount of free bromide was present . The react ion conditions and work­
up procedures are the same as those used for the other reductions 
performed on t h i s epoxide. Reductions using the fo l lowing reagents 
were carried out on p di isobutylene oxide: 
1 ) One t o Three LiAlH^ t o AlBR^ Reagent: To 1 3 - 9 m i l l i l i t e r s 
( 8 - 7 9 mmoles) of the aluminum bromide so lu t ion , and 5 - 0 m i l l i l i t e r s 
of ether was added 3 - 4 m i l l i l i t e r s ( 2 - 9 3 mi l l imoles) of the l i thium 
aluminum hydride so lut ion (produces 1 1 . 7 2 mmoles H A I B R 2 ) • The red 
color due to the free bromine in the aluminum bromide so lut ion d i s ­
appeared af ter the addit ion of the f i r s t two or three drops of hydride 
so lu t ion . To the c lear reagent was added 3 - 3 m i l l i l i t e r s ( 0 . 5 0 0 grams, 
3 . 8 mmoles) of the p-di i sobuty lene oxide so lu t ion . The react ion and 
workup were carried out in the usual manner. To the gross product was 
added O . 3 8 3 grams of n-octanol . The product ra t ios and material 
balances were determined. Only one run was made (entry 1 , Table 1 0 ) . 
2 ) One to One LiAlH ^  to ALBr Reagent: To k.6 m i l l i l i t e r s 
( 2 . 9 3 mmoles) of the aluminum bromide so lut ion and 1 3 m i l l i l i t e r s 
of ether was added 3 - 4 m i l l i l i t e r s ( 2 - 9 3 mi l l imoles) of the l i thium 
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aluminum hydride so lu t ion . To the r e s u l t i n g clear reagent was added 
3 . 3 m i l l i l i t e r s (0 . 500 grams, 3 -8 mmoles) of the epoxide so lu t ion . The 
react ion and workup were carried out in the usual manner. To the gross 
product was added O.383 grams of n-octanol . The product rat ios and 
material balances were determined. Two runs were made (entry 2 , 
Table 10 ) . 
Reductions of P-di isobutylene oxide with the alkoxyaluminum 
hydrides were carried out in the fol lowing manner. F irs t an aluminum 
hydride in tetrahydrofuran so lut ion was prepared from 100 percent 
su l fur ic acid and l i thium aluminum hydride in tetrahydrofuran by Mr. 
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John Lott according to the method of Brown and Yoon (equation 22, 
page 9 ) • The 100 percent su l fur ic acid was prepared by mixing fuming 
su l fur ic acid and concentrated su l fur ic acid u n t i l the freezing point 
of the so lut ion reached a certa in s p e c i f i c value. Then a measured 
amount of the 100 percent su l fur ic acid was slowly added t o the 
l i thium aluminum hydride so lut ion under nitrogen. The resu l t ing 
aluminum hydride so lut ion was stored in the re fr igerator , and standard­
ized at 0 degrees centigrade. An aluminum analys is y ie lded the f o l ­
lowing data: 
[ A l ] t Q t = [A1H3] = 0.599M 
Alkoxyaluminum hydrides were prepared by Mr. John Lott according to 
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the method of Suchi . A measured amount of aluminum hydride so lut ion 
was withdrawn with a flame-dried hypodermic syringe and introduced 
through a serum cap into a flame-dried, f lask i ce -coo led under a dry 
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nitrogen atmosphere. An equimolar amount or two-fold molar excess of 
the appropriate alcohol was introduced in the same manner, followed by 
an amount of tetrahydrofuran s u f f i c i e n t to bring the react ion mixture 
up to a certa in standard volume. A measured amount of f i-diisobutylene 
oxide in tetrahydrofuran was then added. Then the react ion mixture was 
e i ther allowed to stand for two hours (normal condit ions) or refluxed 
for s ix hours ( forcing condi t ions ) . After the appropriate time elapsed, 
1 0 . 0 m i l l i l i t e r s of water, and an amount of d i l u t e mineral acid s u f f i ­
c ient to d i s so lve most of the bas ic aluminum s a l t s was careful ly added 
to the react ion mixtures. The hydrolyzed react ion mixture was then 
extracted with two approximately ten m i l l i l i t e r portions of petroleum 
ether and one ten m i l l i l i t e r portion of d ie thy l ether. The organic 
layers were combined and dried over anhydrous potassium carbonate. 
A measured amount of n-octanol in ether was added, and the gross-
product so lut ion was concentrated in vacuo to about one tenth of i t s 
or ig ina l volume. The product rat ios and material balances were then 
determined chromatographically. This procedure was used for the re­
duction of (3-di isobutylene oxide with the fol lowing reagents: 
1 ) AlH^. in THF: To 6 . 5 2 m i l l i l i t e r s ( 3 - 9 mi l l imoles) of 0 - 5 9 9 
molar aluminum hydride in tetrahydrofuran and ik m i l l i l i t e r s of t e t r a ­
hydrofuran was added 3 - 0 m i l l i l i t e r s ( 0 - 5 0 0 grams, 3 - 8 mmoles) of 
di isobutylene oxide in tetrahydrofuran which contained 0 . 1 6 7 grams 
of epoxide per m i l l i l i t e r of so lu t ion . The react ion was carried out 
only under normal condit ions . To the crude product was added 0 . 1 5 7 
grams, of n-octanol and the product ra t io s and material balances were 
determined. Duplicate runs were made (entry 1 , Table l l ) -
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2) AlhV,(0-t-Bu) in THF; To 9-8 m i l l i l i t e r s (5-83 mmoles) of 
the above aluminum hydride so lut ion was added 0.55 m i l l i l i t e r s (5-85 
mmoles*) of t -butanol and 13 m i l l i l i t e r s of tetrahydrofuran (produces 
5-85 mmoles H^Alo - t -Bu). To t h i s so lut ion was added 3-0 m i l l i l i t e r s 
(0.500 grams, 3-8 mmoles) of the above epoxide so lu t ion . The react ion 
was carried out under both normal and forcing condit ions . The react ion 
mixtures were worked up in the usual manner. To the gross product of 
the react ion run under normal conditions was added 0 .157 grams of 
n-octanol and t o the one run under forcing conditions was added O .383 
grams of n-octanol . The product ra t ios and material balances were 
determined (normal condit ions , entry 2 , Table 1 1 ; forcing condit ions , 
entry 3 , Table 1 1 ) . 
3) AlH(0-t-Bu) 2 in THF: To 19-6 m i l l i l i t e r s ( 1 1 - 7 0 mmoles) of 
the above aluminum hydride so lu t ion was added 2 .2 m i l l i l i t e r s of t -
butanol (23-4 mmoles) and 5-0 m i l l i l i t e r s of tetrahydrofuran (produces 
1 1 . 7 0 mmoles HA^O-t-Bu)^). To the resu l t ing reagents was added 3-0 
m i l l i l i t e r s (0.500 grams, 3-8 mmoles) of the (3-diisobutylene oxide 
so lut ion l i s t e d above. The react ion mixtures were worked up in the 
usual manner. To the gross product of the react ion run under normal 
condit ions was added 0 .157 grams of n-octanol . To the one run under 
forcing conditions was added 0.383 grams of n-octanol . The product 
ra t io s and material balances were determined (normal condit ions , entry 
Volumes required t o make up a certa in molar quantity of the 
a lcohols used were calculated from density values given in Handbook of 
Chemistry and Physics, Charles D. Hadgman, ed. 39th Edit ion, 1957-58, 
Chemical Rubber Publishing Co., Cleveland Ohio, 1958. 
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k, Table 11; forcing condit ions , entry 5, Table 11). 
k) AIHgCo-i-Pr) in THF: This react ion mixture was prepared 
from the same volumes of the hydride and epoxide so lut ions as were 
used for the reductions involving t-butoxyaluminum hydride. To the 
aluminum hydride so lut ion was added 0.45 m i l l i l i t e r s (5.85 mmoles) of 
isopropanol (produces 5-85 mmoles AlH^Oi-Pr)) . The react ion was 
run under both normal and forcing condit ions , and the workups were 
carried out in the usual manner. To both gross products were added 
O.383 grams of n-octanol (normal condit ions , entry 6, Table 11, forc­
ing condit ions , entry 7, Table 11). 
5) AlH(0- iPr) 2 in THF: This react ion mixture was prepared from 
the same amounts of the hydride and epoxide so lut ions as were used for 
the reduction involving di-t-butoxyaluminum hydride. To the aluminum 
hydride so lut ion was added 1-79 m i l l i l i t e r s (23.4 mmoles) of isopro­
panol (produces 11.7 mmoles A1H(0- i -Pr ) £ ) . The react ion was run under 
both normal and forcing condit ions , and the workups were carried out in 
the usual manner. To both react ions mixtures were added O.383 grams of 
n-octanol (normal condit ions , entry 7, Table 11; forcing condit ions , 
entry 8, Table 11). , 
6) AlH^OMe in THF: This reduction mixture was prepared from 
the same amounts of hydride and epoxide so lut ions as were used for 
the reductions involving t-butoxyaluminum and isopropoxyaluminum hy­
drides . To the aluminum hydride so lu t ion was added 0.24 m i l l i l i t e r s 
(5.85 mmoles) of methanol. Copious amounts of a white s o l i d appeared 
as the alcohol was added. The react ion was run only under normal 
condit ions . To the gross product was added O.383 grams of n-octanol . 
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The product ra t io s and material balance were determined (entry 9> Table 
1 1 ) . 
7 ) AlH(0Me) 2 in THF: This reduction mixture was prepared 
from the same amounts of hydride and epoxide so lut ions as were used 
for the reductions involving di - t -butoxy- and diisopropoxyaluminum 
hydride. To the aluminum hydride so lu t ion was added 0 . 9 6 m i l l i l i t e r s 
( 2 3 . 4 mmoles) of methanol (produces 1 1 . 7 mmoles Al^OMe)^) . Copious 
amounts of a white s o l i d appeared as the alcohol was added. The 
reduction was run under both normal and forcing condi t ions . To both 
gross products were added O . 3 8 3 grams of n-octanol . The product 
ra t io s and material balances were determined (normal condit ions , entry 
1 0 , Table 1 1 ; forcing condit ions , etnry 1 1 , Table l l ) . 
The product r a t i o s and material balances from the above re­
ductions w i l l be presented in tabular form in the next chapter. 
Conclusions w i l l be drawn concerning the s t e r i c and e l ec t ron ic e f f e c t s 
on the course these react ions take and on the nature of and ro le 
played by the various- react ive species in the mechanisms by which 
these mixed hydride reagents react with organic funct ional groups. 
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CHAPTER VI 
RESULTS AND DISCUSSION 
The data obtained from the study of the products and product 
r a t i o s from the mixed hydride reductions of styrene oxide, tr iphenyl ­
ethylene oxide, exo-norbornene oxide and (3-diisobutylene oxide w i l l now 
be presented and discussed. 
The product r a t i o s from the mixed hydride reductions of styrene 
oxide are in good agreement, with e a r l i e r work"'""'", as can toe seen toy 
inspect ion of the data in Table 7- There i s no s ign i f i cant di f ference 
in the product ra t ios between those ar i s ing from the one to three or 
one t o four l i th ium aluminum hydride t o aluminum chloride reagents . I t 
appears, therefore that the excess aluminum chloride in the one t o four 
reagent does not play a s i gn i f i cant ro le in the mechanism by which t h i s 
reagent reacts with styrene oxide. (Data to-be presented l a t e r shows 
that t h i s i s the case, a lso for reductions of (3-diisobutylene oxide i n ­
volv ing the one t o four reagent . ) However i t was decided during the 
course of t h i s work that styrene oxide does not adequately meet the 
requirements out l ined in chapter I . Of the two products which a r i s e 
from reductions of styrene oxide, one, 2-phenylethanol, can ar i se by 
two d i s t i n c t l y d i f ferent pathways: 
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± . k © ^ O A l ( l I l ) 
LAD:A1C13 > 0-CH-CH2 
— ( Z i - C H 2 - C H = 0 - > - A l ( l I l ) 
0 
> 0-CH-CHDOH 
0—CH CH2 DA1C12 
AI(I I I ) 
\ DA1C1, 
3 : 1
 » 0-CH -CHQ 2 > 0-CHD-CH-OH LAD:A1C1 ' ^ w " ""2 SW„ ' y ^ U 1 J 2 
Table 7- Product Ratios from Reductions or Styrene Oxide by Various 
Lithium Aluminum Hydride-Aluminum Chloride Combinations. a 
Entry 
Wo. 
Ratio of 
LAH:A1C13 
Styr. Ox. 
(% Yield) 0CHOHCH3 0CH2CH2OH 
Gross Prod. 
Yie ld (%) Ref. 
1 LAH alone - 90-95 5-10 82 12 
2 LAH alone - 91 9 91 b 
3 1:4 - 2-5 95-98 71 12 
4 1:4 13 2 98 64 b 
5 1:3 10 1 99 69 b 
a) One equivalent hydride per mole epoxide 
b) This work. 
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The frac t ion of t h i s product ar i s ing from each of these pathways could 
most e a s i l y be determined by using l i thium aluminum deuteride t o pre­
pare the mixed hydrides, i s o l a t i n g the 2-phenylethanol formed, and 
determining the extent of deuteration at each of the react ion s i t e s by 
NMR measurements. For a study of the scope out l ined in chapter I , use 
of l i th ium aluminum deuteride would be economically unfeas ib le . 
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Data from e a r l i e r work already c i t ed indicates that mixed 
hydride reductions of tr iphenylethylene oxide might y i e l d more meaning­
fu l data. There are more products formed, and the product r a t i o s seem 
to be f a i r l y s e n s i t i v e to the propert ies of the mixed hydride used. 
Also , the mode of formation of most of theiproducts can be unambiguously 
assigned. The early workers obtained t h e i r product r a t i o s by separat­
ing and:'isolating the products by column chromatography. Vapor-phase 
chromatography data would be expected to y i e l d more prec i se data, so 
an attempt was made to find condit ions by which gross products from 
mixed hydride reductions performed on t h i s epoxide could be analyzed 
by t h i s method. However, tr iphenylethylene oxide and i t s three a l co ­
h o l i c reduction would not pass through columns packed with any of the 
substrates at hand except under the rather dras t i c condit ions l i s t e d 
in Table f i v e . At these high temperatures and unusually high helium 
flow r a t e s , separation of the a l coho l i c reduction products s u f f i c i e n t 
for product i d e n t i f i c a t i o n and analys is was not obtained with any of 
the columns t r i e d . Al l plans for studying t h i s system were abandoned. 
The work on the mixed hydride reductions of exo-norbornene 
oxide i s s t i l l incomplete. The major product ar i s ing from a l l of the 
mixed hydride reductions i s the component l i s t e d as (d) in Table four 
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above. I t , a s . w e l l as some of the minor components, has not been ident i ­
f i e d . I t i s not one of the three poss ib l e norbornyl a l coho l s , which 
were the only products i n i t i a l l y expected. I t i s ev ident ly the re su l t 
of some gross rearrangement of the norbornane ske le ton . The work 
done on t h i s system should be completed. Also , a product study on the 
rearrangement of exo-norbornene oxide catalyzed by Lewis acids of 
varying strength, such as magnesium bromide, the aluminum h a l i d e s , and 
boron t r i f l u o r i d e d ie thy le therate , might y i e l d i n t e r e s t i n g r e s u l t s . 
Early work previously c i t ed showed that magnesium bromide-catalyzed 
isomerizations of epoxides involve a c y c l i c magnesium bromide-epoxide 
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complex as shown in Figure 1, while boron t r i f l u o r i d e catalyzed i s o -
merization of epoxides involves free carbonium ions . The r e s u l t s of 
the study of mixed hydride reductions of exo-norbornene oxide coupled 
with a study of the products r e s u l t i n g from an isomerization of t h i s 
epoxide catalyzed by the Lewis acids mentioned above might furnish 
new information on the much studied carbonium ion chemistry of the 
norbornyl system. 
By far the greates t amount of meaningful data on the mechanism 
of mixed hydride reductions was furnished by the study of the reductions 
of [3-diisobutylene oxide. A few preliminary remarks concerning t h i s 
phase of the study w i l l now be presented. 
F i r s t of a l l , i t should be remembered that t h i s epoxide as used 
for these reductions was only 97 percent pure, even af ter two careful 
d i s t i l l a t i o n s using a spinning band column. The three percent im­
purity i s probably the oxide of the terminal o l e f i n , a -d i i sobuty lene . 
TO 
When t h i s epoxide i s treated with a mixed hydride, two products can be 
obtained. These are 2 , k , 4 - t r i m e t h y l p e n t a n o l s - l and - 2 ^ " . In the re­
ductions of p-di i sobuty lene oxide involving the more strongly ac id i c 
mixed hydride reagents , another component, bes ides the four mentioned 
on page 1 3 , i s formed in about a two to three percent y i e l d . I t was 
not i d e n t i f i e d , but probably ar i ses from the a-di i sobutylene oxide, and 
probably i s 2 , k , 4 - t r i m e t h y l p e n t a n o l - l . S i n c e - 2 , k , 4 - t r i m e t h y l p e n t a n o l - 2 
can ar i se from both a- and p-di i sobuty lene oxide, i t s de tec t ion in 
y i e l d s of l e s s than three percent can not be unambiguously in terpreted . 
For t h i s reason, the ra t io s of y i e l d s of tr imethylpentanol-2 to t r i -
methylpentanol-3 ar i s ing from the reduction of p-d i i sobuty lene oxide, 
which w i l l be presented in tabular form below should be considered 
as an upper l i m i t . 
The second fact that should be noted i s that the react ions 
of mixed hydride reagents with t h i s epoxide are a l l exothermic. 
In the case of a l l hydridoaluminum ha l i de s , the solvent refluxed 
vigorously as epoxide so lut ion was added to the mixed hydride so lu­
t i o n . In the case of aluminum hyd.ride, the solvent began t o ref lux 
a few seconds af ter the addition of epoxide was complete. In a l l 
cases , ref luxing of the solvent subsided af ter a very few minutes. 
The process of going from a s trained, c y c l i c s tar t ing material to 
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acyc l i c products could account for most of the released energy. However, 
an acid-base complexation react ion between the ac id ic aluminum spec ies 
and the oxygen of the oxirane ring could a l so explain t h i s phenomana. 
In any case, solvent ref lux can be considered as an indicat ion that 
some f a i r l y rapid react ion i s occurring. 
The data from the mixed hydride reductions of f3-diisobutylene 
oxide w i l l now be presented. Duplicate runs were set up in mose cases , 
except as noted in the t a b l e s . The product"ratios presented are the 
average from two runs. In a l l cases except those s p e c i f i c a l l y noted, 
the average deviat ion in these ra t io s was at most one or two absolute 
percent. The data shows that the fo l lowing pathways are probably 
operative: 
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Table 8. Product Ratios From the Reduction of f i-diisobutylene Oxide 
With Various Lithium Aluminum Hydride-Aluminum Chloride 
Combinations8- in Diethyl Ether 
gross 
entry ra t io of product 
no. LAH: A1C1Q TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH y i e l d ref. 
1 LAH alone 100 
-
2 LAH a l o n e c 
- -
CO
 1:1+ - 1 5 
4 l : k e < 1 1 6 
5 1:3 < 1 1 6 
6 1:1 Ik 3 2 
7 1:1 2 2k 
CO
 
1: l , L . T . e 2 2 6 
9 l : l , R . T . e 2 2k 
10 l : l d > e 3 3 1 
n 3:1 3 6 50 
12 3:1 12 3h 
1 3 3 : l 6 ' f 1 9 5 5 
14 3 - 2 : l e 2 8 5 9 
15 HA1C12 < 1 11 
1 6 1:3 LAD: 
AICI3 
< 1 11 
; ; 2 1 $ 1 1 b 
00
 77 83$ 22 
9 Ik 84$ b 
9 Ik 85$ b 
CA ^5 95$ 24 
CO
 65 9 1 - 9 3 $ b 
1 0 6 2 93$ b 
1 0 6k 85$ b 
OA
 60 9 2 $ b 
1 0 k 96$ 24 
h5 9 95-98$ b 
21 5 84$ b 
10 3 85$ b 
CO
 
8 0 80-89$ b 
CO
 80 b 
a) three equivalents hydride per mole epoxide, unless otherwise 
stated; the product ra t io s are the average of two determinations 
unless otherwise s ta ted . 
b) t h i s work. 
c) Only s tar t ing material was detected. The amount present was not 
determined. 
d) three moles of H2AICI per mole of epoxide. 
e) Only one run was made. 
f) three moles of AlH, per mole of epxoide. 
7 3 
Table 9- Product Ratios from the Reduction of (3-diisobutylene Oxide 
With Various Lithium Aluminum Hydride-Aluminum Chloride Com­
binat ions as Tetrahydrofuranates c and Triethylamminates a . 
entry 
no. 
ra t io of 
LAH: A1C13 TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH 
gross product 
y i e l d 
1 1 : 3 , THF 2 2 7 9 6 1 7 5 - 7 8 $ 
2 1 : 1 , THF 1 1 5 0 7 3 1 9 7 - 1 0 0 $ 
3 3 : 1 , THF 3 0 5 8 1 1 1 1 0 5 - 1 0 6 $ 
k 1 : 3 , N E t 3 d - 1 2 17 71 1 0 0 $ 
5 1 : 3 , N E t 3 e ' f - 8 ko 5 2 5 6 $ 
6 1 : l , N E t 3 e 1 2 0 17 6 5 1 0 1 $ 
7 3 : l , N E t 3 e 2 1 kk 3 2 3 7 0 $ 
a) The product ra t io s are an average from two runs, unless other­
wise s ta ted . 
b) three equivalents of hydride per mole of epoxide 
c) two moles of tetrahydrofuran per mole of aluminum s p e c i e s . 
d) one mole of tr iethylamine per mole of aluminum spec i e s , unless 
otherwise s ta ted . 
e) Only one run was made. 
f ) two moles of triethylamine per mole of epoxide. 
g) 3 0 percent y i e l d of s tar t ing material was a l so detected. 
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Table 10. Product Ratios From the Reduction of (3-diisobutylene Oxide 
With Various Lithium Aluminum Hydride-Aluminum Bromide or 
Iodide Combinations 6 1. 
entry ra t io of gross product 
no. LAH:A1C1_ TMPOH-2 TMPOH-3 A-1-TMP0H-3 TMBOH y i e l d 
1 1 : 3 , Br 1 1 9 1 5 6 5 8 3 - 8 6 $ 
2 b 1 : 1 , Br 5 kk 7 kk 8 9 $ 
3 1 : 3 , I 3 2 3 2 0 5 4 ' 7 3 - 8 9 $ 
k 1 : 1 , I 6 - 3 3 3 2 3 5 8 8 - 9 0 $ 
a) three equivalents hydride per mole epoxides; The product ra t ios 
are average values from two determinations, unless otherwise 
s ta ted . 
b) Only one run was made. 
c) Average deviat ion of plus or minus three absolute percent in 
the product ra t ios of TMPOH-3 and TMBOH. 
l ) complexation 
0 
(CH3)2(OcHC(CH3)3 + AlH 3_nX.nS 
n = 1 , 2 , 3 
s = so lvat ing species (Et^O, 
THF, or NEt 3 
A l ( l l l ) is any t r i v a l e n t aluminum species 
7 5 
2a) Direct reduction 
complex + A1H_ X 'S 
Sn 2 or 
or 
LiAlH, X . 3 - n n+1 
OAl( lI l ) 
(CH 3) 2C CH2C(CH3)3 — — > TMPOH-2 
and and 
H 20 
(CH3)2p—0—C(CH3) — T M P O H - 3 
H OAl( lI l ) 
n = 1 , 2 
2b) Migration and Subsequent Reduction 
O^OAI(III) 
(CH ),?CH—0—C(CH ) 
complex-
1) A1H, X S 3 - n n 
2) H 20 
TMPOH-3 
1) A1H, X S 3 - n n CH,—0—C—CH=0~&l(lIl) 
3 / 1 2) HO 
CH3 CH3 ; 2 U 
\ 3 \ 3 
CH,—p—0—CH0—OH 3 / 1 2 
CH3 CH3 
?4 
3 ) Internal Elimination" 
0 
H ^
1 H 2 - n X n 
\ 2 / ? \ i 
C CHC(CH3)3 > H 2 + CH2=G—CHC(CH2)3 
CH3 CH3 
OAI(III) H 20 
> A-l TMPOH-3 
7 6 
4) Base-catalyzed Elimination 
E 2 
B: + complex —=-=—^ 
elim. 
That prior complexation i s necessary to ac t iva te t h i s rather 
s t e r i c a l l y hindered epoxide s u f f i c i e n t l y so that reduction can take 
place i s shown by the fol lowing fac t s : The react ion of (3-diisobutyl-
ene oxide with any mixed hydride i s complete within a few minutes. 
The epoxide i s inert to l i thium aluminum hydride, however, at l e a s t 
under the conditions used in t h i s work (entry 2 , Table 8). I t would 
be expected that l i thium aluminum hydride should be a bet ter hydride 
donor than any of the ac id ic (and e lec tron de f i c i en t ) hydridoaluminum 
h a l i d e s , so , the reducing power of the hydride involved cannot be the 
only important factor in these reac t ions . The role of the Lewis acid 
in step one i s t o complex with the oxirane oxygen and at l e a s t par­
t i a l l y po lar ize the carbon-oxygen bonds in the oxirane r ing . This, 
of course leaves the carbons somewhat e lectron d e f i c i e n t , and there­
fore much more l a b i l e t o attack by a hydride donor. 
The strength of the mixed hydride- as a Lewis acid determines 
the degree of po lar izat ion of the carbon-oxygen bonds, and therefore 
the type of mechanism operative in the d irect reduction pathway. In 
the case of weak Lewis ac ids , such as the three t o one l i thium 
aluminum hydride t o aluminum chloride , reagent (AlH^), d irect reduction 
occurs by an a c i d - a s s i s t e d Sn 0 pathway (where bond breaking has occurred 
CH j)Al( I I I ) 
^ 0—CHC (CH3) 3 — A - 1 - TMPOH- 3 
CH 
+ BH© 
7 7 
t o a greater extent than bond formation in the t r a n s i t i o n s ta te ) . 
In the case of mixed hydride of stronger Lewis ac id i ty such as the one 
to three (entry 5> Table 8 ) or one to four (entry k, Table 8 ) l i thium 
aluminum hydride to aluminum chloride reagent, d irect reduction 
probably occurs by an Sn^ pathway involving a t r a n s i t i o n s ta t e in 
which the oxirane ring i s e s s e n t i a l l y f u l l y cleaved and there i s a 
v i r t u a l l y f u l l p o s i t i v e charge at the react ion s i t e (bond formation 
has occurred only n e g l i g i b l y in the t r a n s i t i o n s t a t e ) . On t h i s b a s i s , 
the rat io of tr imethylpentanol-2 , the product favored by s t e r i c control , 
to tr imethylpentanol -3 , the product favored by carbonium ion s t a b i l i t y , 
would be expected t o decrease as the Lewis ac id i ty of the mixed hydrides 
increases . This trend i s indeed observed as the data in Table 1 1 
ind ica te s . This ra t io i s a l so a function of the reducing power of the 
mixed hydride species when bond formation has occurred t o a s i g n i f i ­
cant extent in the t r a n s i t i o n s t a t e . I t would be expected that t h i s 
ra t io would increase as the reducing power of the mixed hydride in­
creases . Comparison of the data from the reductions involving a mixed 
hydride as the d ie thy l etherate with the data from t h e reductions in ­
volving the same mixed hydride as a tetrahydrofuranate or t r i e t h y l -
amminate shows that t h i s trend i s indeed observable (compare entr ies 
1 , 1 1 and Ik, Table 1 2 , and entr ie s 5 and 1 1 , Table 1 1 ) . 
I f the mixed hydride i s a strong enough Lewis acid t o com­
p l e t e l y open the oxirane r ing, leaving a f u l l p o s i t i v e charge on one of 
3 2 . J. Hine, Physical Organic Chemistry, 2 n d Ed., McGraw-Hill 
Publishing Co., New York, N. Y. , 1 9 6 2 , pp. 1 5 7 - 1 8 5 -
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Table 1 1 . Ratio of TMPOH-2 to TMPOH-3 Arising from Mixed 
Hydride Reductions of (3-diisobutylene Oxide. 
Entry 
No. 
Previous 
Table 
Entry No. 
from 
Prev. Table Reducing Agent TMPOH-2/TMP0H-3 
1 8 1 LAH alone very large 
2 8 1 3 3 : 1 LAH:A1C13 0 . 3 5 on 8 12 3 : 1 LAH:A1C13 0 . 3 5 
k 10 2 1 : 1 LAH:AlBr3 0 . 1 1 
5 8 7 1 : 1 LAH:A1C13 0 . 0 8 3 
6 8 10 1 : 1 LAH:A1C13 0 . 097 
7 10 3 1 : 3 LAH:A1I3 0 . 1 3 
CO
 10 1 1 : 3 LAH:AlBr3 0 . 0 5 9 8 5 1 : 3 LAH:A1C13 < 0 . 06 10 9 3 3 : 1 LAH:A1C13, THF 0 . 5 2 
n 9 2 1 : 1 LAH:A1C13, THF 0 . 2 2 12 9 1 1 : 3 LAH:A1C13, THF 0 . 0 7 
1 3 9 7 3 : 1 LAH:A1C13, NEt 0.48 
lk 9 6 1:1 LAH:A1C13, NEt 3 - 0 . 0 5 
'The value of t h i s ra t io was not corrected for the amount of TMPOH-3 
ar i s ing from a hydride s h i f t (see subsequent d i s cuss ion ) . 
ref . 2k 
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the carbons, then another react ion pathway can begin to become preva­
l e n t . This pathway i s the migration and subsequent reduction shown in 
step 2b) above. I t would be expected t h a t , as the Lewis ac id i ty of 
the mixed hydride increases (and the reducing power decreases) , the 
y i e l d of tetramethylbutanol (TMBOH), the product of a t -buty l s h i f t 
and subsequent reduction of the resu l t ing aldehydic intermediate 
would increase at the expense of the y i e l d of products ar i s ing from-
direct reduction. Inspection of tab les eight through eleven shows 
that t h i s i s indeed the case. Inspection of the date in Table 11 
shows that v i r t u a l l y a l l mixed hydride reductions involving a hydrido­
aluminum hal ide re su l t in samll values for the ra t io of the y i e l d of 
trimethylpentanol-2 t o the y i e l d of trimethylpentanol-3• This indi­
cates that a species of intermediate a c i d i t y , such as the one to one 
l i thium aluminum hydride to aluminum chloride reagent (H^AICI with 
some LiCl) i s a strong enough Lewis acid to e s s e n t i a l l y cleave the 
oxirane r ing. The complex in t h i s case (and of course in cases in­
volving more strongly ac id ic mixed hydride) has considerable carbonium 
22 Pk 
ion character as shown below ~ : 
CH y\ H A1C1 CH / \ CH
 v 0 1 
CHC(CH0)0 — > 3 C CHC(CH_)_ -» J r:— CHC(CH0)_ 
p W / 3 3 or / 3 3 n „ y 3 3 
C H 3 ' HA1C10 CH 3 C H 3 
^ subsequent (38) 
reactions 
© o 
A l ( l l l ) AI ( I I I ) 
% .0 
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Reactions involving these mixed hydrides can be thought of as in­
volving a trapping of the carbonium ion by hydride donors concurrently 
with the rearrangements which can occur. The ra t io of d irect reduction 
product y i e l d s to migration product y i e l d should be re la ted to the re­
ducing power of the mixed hydride reagent. I f the mixed hydride rea­
gent i s an e f f i c i e n t hydride donor, i t should be able to trap the 
carbonium ion before i t can rearrange. A f a i r l y good measure of t h i s 
reducing power should be the rat io of y i e l d s of trimethylpentanol-3 t o 
tetramethylbutanol produced from the various mixed hydride reductions. 
These rat ios w i l l be presentee; in Table 1 2 . 
These r e s u l t s cannot be unambiguously determined, however, be­
cause, as shown in equation ( 3 3 ) , tr imethylpentanol-3 can ar i se by 
both the d irect reduction and migration pathways. Some r e l i a b l e ex­
periment needs to be done to determine the amounts of trimethylpentanol-
3 a r i s i n g from each pathway. In other words, the r e l a t i v e migratory 
aptitudes of the t -buty l group and hydrogen must be determined. Data 
22 
presented e a r l i e r (eq. 28 , page l l ) shows that the product r a t i o s from 
aluminum chloride and aluminum bromide catalyzed rearrangements of t r i ­
phenylethylene oxide are i d e n t i c a l . I t i s therefore probable that the 
rat io of "the amount of t r imethy lpentano l -3 'ar i s ing from a hydride s h i f t 
and subsequent reduction t o the amount of ' tetramethylbutanol , which 
ar i ses by a t - b u t y l s h i f t and subsequent- reduction should be constant, 
i . e . , the r e l a t i v e migratory aptitudes of hydrogen and t - b u t y l should 
be constant in a l l reductions involving the ac id ic hydridoaluminum 
ha l ides . There are at l e a s t two methods by which t h i s rat io should be 
22 
determined. Previous workers reacted P-di isobutylene oxide with 
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Table 12. Ratio of TMPOH-3 to TMBOH Aris ing from Mixed 
Hydride Reductions of |3-di isobutylent Oxide. 
Entry Wo. 
Entry Previous from 
No. Table Prev. Table Reducing Agent TMP0H-3/TMB0H 
1 
co 12 3 : 1 LAH:A1C13 3-8 
CM
 10 k 1:1 LAH:A1I3 0.9k 
3 10 2 1:1 LAH:AlBr3 1 .0 
8 7 1:1 LAH:A1C13 0.37 
5 10 3 1:3 LAH:A1I3 0.43 
6 10 1 ' l : 3 LAH:ALBr3 0.29 
7 8 5 1:3 LAH:A1C13 0.22 
8 1: k LAH: A1C13 0.22 
9 8 15 pure HA1C12 0.22 
10 8 16 1:3 LAD:A1C13 0.14 
n 9 3 3 : 1 LAH:A1C13, THF 58.0 
12 9 2 1:1 LAH:A1C1 , THF 1.6 
13 9 1 1:3 LAftAlCly THF O.kk 
Ik 9 7 3 : 1 LAIfcAlCl , WEt3 1 4 . 7 
15 9 6 1:1 LAH:A1C13, NEt 3 0.31 
16 9 5 1:3 LAH:A1C13, NEt 3 0.15 
8 2 
aluminum chloride and reported, the i s o l a t i o n of crude 2 , 2 , 3 , 3 - t e t r a -
methylbutyraldehyde in 1 0 0 percent y i e l d . However, the way that the 
experiment was carried out does not rule out the formation of a small 
amount of 2 , k , 4 - t r i m e t h y l p e n t a n o n e - 3 , which could have escaped de tec t ion . 
A check on t h i s experiment using a more accurate method of product 
analys i s such as vapor phase chromatography should y i e l d a reasonably 
accurate rat io for the migratory apitude of hydrogen to that of t - b u t y l . 
Another method would be to perform a reduction on p-diisobutylene oxide 
using a one to three l i thium aluminum deuteride to aluminum chloride 
mixture, analyze the mixture in the usual manner"to determine the 
product r a t i o s , i s o l a t e the tr imethylpentanol-3 by preparative vapor 
phase chromatography and run an NMR spectrum to determine the extent 
of deuteration at each of the two poss ib le reduction s i t e s . This 
would furnish a l l of the data necessary to ca lcu late the amount of t r i ­
methylpentanol-3 ar i s ing from each pathway for the reductions in­
volving a l l of the hydridoaluminum h a l i d e s . The l a t t e r experiment was 
chosen as the method by which the r e l a t i v e migratory aptitudes of hy­
drogen aptitudes of hydrogen and t -buty l would be determined. The 
experiment out l ined above was carried out. The NMR spectra of the 
deuterated tr imethylpentanol-3 was compared with that of the non-
deuterated a lcohol . The r e s u l t s of t h i s experiment are presented in 
Table 1 3 , as i s the calculated value for the ra t io of the migratory 
aptitude of hydrogen to that of t - b u t y l . The percentages of t r i ­
methylpentanol-3 ar i s ing from direct reduction of P-di isobutylene 
oxide by a l l of the mixed hydrides were calculated from the product 
ra t io s presented e a r l i e r and the above r a t i o . These re su l t s are 
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Table 1 3 . NMR Data On TMPOH-3 I so la ted from the Reductions of B-Diiso-
butylene Oxide with the 1 : 3 LiAlDlj.: AlCl^ and LiAlH^: AlCl^ 
Reagents. 
Compound 
Absorbtion No. of 
( t ) M u l t i p l i c i t y Protons Assignment 
TMP0H-3 a , b 9 - 1 5 PPm 
(non deuterated) 
8 . 1 ppm 
6 . 8 ppm 
TMPOH-30 9 - 1 5 PPm 
deuterated 
Doublet and — 1 5 
Singlet 
Complex 1 
Multiplet 
Doublet 1 
Doublet and —• 15 
Triplet 
CH3-O-
CH— 
CH-O-
C H 3 - C -
Complex 
Multiplet 
CH— 
TMPOH-3 mig 
TMBOH 
0 . 0 7 6 ± 0 . 0 0 7 
6 . 8 ppm Broad Singlet — 
8 ? 5 ppm 
( d i l u t e 
so lut ion) 
0 . 0 5 -
0 . 0 6 
Broad Singlet 
CH-O-
0—H 
Si 
The spectra was taken af ter addit ion of CF-COgH in order that no 
hydroxyl proton resonance i s observed. 
b 
The solvent i s CDCl^ • 
CThe solvent i s CCl^-
d 
Calculated from percent of deuteration at the carbinol carbon and the 
product ra t ios given in entry 1 6 , Table 8 . 
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presented in Table Ik, along with the calculated rat ios of the amounts 
of trimethylpentanol-3 ar i s ing from direct reduction to the amounts of 
migration products. The NMR spectra of the deuterated alcohol were not 
very wel l defined, however. This was presumably due t o the fact that 
a very small amount of the desired alcohol was i s o l a t e d . The r e s u l t s 
presented in Tables 13 and ik are therefore very much open t o question, 
and t h i s phase of the work should be repeated. The data from Table 
12 i s r e l i a b l e , however, and shows the same trends . These re su l t s 
w i l l now be interpreted. 
From inspect ion of the data from reductions involving the di-
hydridoaluminum halides and hydridoaluminum d iha l ides , one notes that 
varying the hal ide from chloride to bromide to iodide increases, the 
rat io of y i e l d s of d irect reduction products to migration products, 
which indicates an increase in the reducing power as the s tated var i ­
at ions are made. This i s to be expected from the r e l a t i v e e l ec tro ­
n e g a t i v i t i e s of the ha l ides . That t h i s var ia t ion i s somewhat small 
can be explained by considering the increase in bulk of the mixed 
hydride attendant with varying the subst i tuent from chloride to bro­
mide to iodide . On s t e r i c grounds, one would expect the r e a c t i v i t y 
as a reducing agent to decrease as t h i s var ia t ion of subst i tuents 
from small to large i s made. Evidently e l ec tron ic e f f e c t s outweigh 
e f f e c t s in these cases . 
One of the s tated goals of t h i s work was t o determine the role 
played in the reduction of epoxides by each of the species present in 
the one to four l i thium aluminum hydride t o aluminum chloride com-
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Table 1 4 / Calculated Results of TMPOH 3 dir 1. red./TMP0H-3 t o t . , and 
the Ratios of TMPOH-3 d ir . red Migr. Products 3 , from 
Various Mixed Hydride Reductions 
TMPOH-3 
Entry Old Entry No. Mixed Hydride d ir . red/ TMPOH-3 d ir . red, 
No. TMPOH-3 t o t Migration Prods. 
X 100 (%) 
1 1 2 , tab le 8 3 : 1 LAH:A1C1 3 > 99 b 
2 k, table 1 0 1 : 1 LAH:A1I 3 92 o.8o 
on 2 , t ab le 1 0 1 : 1 LAHiAlBr^ 93 0.86 
4 7, tab le 8 1 : 1 LAH:A1C1 3 80 0 . 2 7 
5 3 , t ab le 1 0 1:3 LAH: A 1 I 3 82 0 . 32 
6 1 , tab le 1 0 1:3 LAH: AlBr Ik 0 .20 
7 5, t ab le 8 1 :3 LAH:A1C1 3 65 0 . 1 3 
CO
 k, tab le 8 l:k LAH'AICI^ 65 0 . 1 3 
9 15 , tab le 8 pure H A 1 C 1 0 45 0.06 
1 0 1 6 , tab le 8 1:3 LAD: A 1 C 1 3 k5 0.06 
1 1 3 , tab le 9 3 : 1 LAH'AICI, THF > 99 b 
1 2 2, tab le 9 1 : 1 LAH:A1C1 3 , THF 95 1 . 4 
13 1 , t ab le 9 1 :3 LAH:A1C1 3 , THF 83 0 .34 
14 1, tab le 9 3 : 1 LAH:A1C1 3 , NEt 3 > 99 b 
15 6, tab le 9 1 : 1 LAH: AlCl j , NEt 3 76 0 . 2 2 
16 5, tab le 9 1 : 3 LAH:"A1C13, NEt 3 51 0 .07 
i g r . prod. = y i e l d of TMBOH + amt. TMPOH-3 ar i s ing by the migration 
pathway 
^not determined 
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binat ion spec ies 'present in t h i s reagent w i l l again be given' 1 5 
LiAlH, + 4A1C1 -» 3 H A 1 C 1 0 + LiAlCl. 
"3 + A1C1. "3 
or (39) 
4A1C12 + LiCl + A1C1, 
The product ra t io s from the reductions of [3-diisobutylene oxide with 
the one to four and one to three l i thium aluminum hydride t o aluminum 
chloride combinations are e s s e n t i a l l y i d e n t i c a l . This shows that 
aluminum chloride plays no role in determining the product r a t i o s in 
t h i s reduction (compare entr i e s k and 5 , Table 8) However, the com-
plexed l i thium chloride seems to play a f a i r l y s i gn i f i cant r o l e . This 
i s demonstrated by the fol lowing considerations: F i r s t of a l l , the 
product ra t ios from the reductions of [3-diisobutylene oxide involving 
the one t o three hydride t o hal ide combination and pure hydrido-
aluminum dichloride are s l i g h t l y d i f f e r e n t . This di f ference i s wel l 
outs ide the range of experimental error, judging from the high re­
produc ib i l i ty of the r e s u l t s . Furthermore, the ra t io of the y i e l d 
of trimethylbutanol-3 t o that of tetramethylbutanol i s almost twice 
as high from the reduction involving the one to three hydride to 
hal ide combination as i t i s from the case of the reduction involving' 
pure hydridoaluminum dichloride ( e n t r i e s 7 and 9> Table 1 2 ) . The 
ra t io of the amount of trimethylpentanol-3 a r i s ing from direct re­
duction to the amount of products ar i s ing from migration and subsequent 
reduction in the case of the one t o three hydride t o chloride combina­
t i o n i s more than twice as large as in the case from the reduction 
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involving pure bydridoaluminum dichloride ( en tr i e s 7 and 9> tab le ik) . 
This indicates that the one to three hydride to chloride combination 
i s a stronger reducing agent than i s pure hydridoaluminum dichlor ide . 
This may seem at f i r s t glance l i k e a small d i f ference , and may be ex­
p l i c a b l e s o l e l y in terms of a s a l t e f f e c t . However, t h i s worker f e e l s 
that the a l ternate explanation presented below i s a more va l id rat ionale 
for t h i s e f f e c t , for the fol lowing reasons: 
The react ion that determines the products i s the react ion of the 
intermediate carbonium ion. This was discussed e a r l i e r . The ra t io s 
of trimethylpentanol-3 to tetramethylbutanol arising, from reagents of 
s imilar ac id i ty can be thought of as representing r e l a t i v e rates of 
d irect reduction of the intermediate carbonium ion. Consider the tran­
s i t i o n s ta t e for t h i s react ion: 
Figure 3- Transit ion State for the Reaction of the Intermediate 
Carbonium Ion with a Hydride Donor. 
i x n . C o o r d i n a t e 
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Since the react ion shown involves the transformation of a 
r e l a t i v e l y free carbonium ion t o an alcohol s a l t , i t i s obviously 
rather exothermic. The Hammond postulate s ta te s that for an exothermic 
react ion, the t r a n s i t i o n s ta te more c l o s e l y resembles s tar t ing material 
than products. Therefore, carbon-hydrogen bond formation from the 
reduction i s probably not appreciable in the t r a n s i t i o n s t a t e . This, 
of course means that a carbonium ion i s not very s e l e c t i v e in i t s 
react ions with hydride donors. For reductions involving two reagents 
to exhibi t a two-fold rate dif ference under these condit ions indi­
cates a s ign i f i cant difference in reducing power between the two re­
agents . The only difference in the one t o three l i thium aluminum hy­
dride to aluminum chloride combination and hydridoaluminum dichloride 
i s that the former contains l i thium chlor ide , presumably complexed 
15 
with hydridoaluminum dichloride . This metastable complex has been 
assigned the formula shown below: , 
LiAlHCl 
Wo spectral evidence could be obtained for i t s presence by the e a r l i e r 
workers, but i t s formation s a t i s f a c t o r i l y explains the fac t that 
l i thium chlor ide , normally insoluble in d ie thy l ether, does not pre­
c i p i t a t e when ethereal l i thium aluminum hydride and aluminum chloride 
are mixed according to equations (19) and (20).. The dif ference in re­
ducing power between the one t o three hydride to chloride combination, 
containing excess l i thium chloride and the same reagent with l i thium 
chloride removed, can be regarded as k i n e t i c evidence for the ex is tence 
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of the LiAlHCl^ complex. I t i s evident ly a more potent reducing agent 
than i s HA1C1 -OEtg, as might be expected. Coordination of HA1012 with 
a negat ively charged spec i e s , such as chloride ion, would be expected 
to resu l t in a higher e lectron density on the aluminum atom than would 
coordination of HA1C12 with a neutral spec i e s , such as d ie thy l ether. 
A higher e lec tron density on the aluminum atom should resu l t in in­
creased r e a c t i v i t y as a hydride donor. The reductions of (3-diisobutyl-
ene oxide involving the one to four and one to three reagents probably 
proceed by the fo l lowing pathways: 
C H 3 A 
1 >,-C CHC(CH-) 
CH 3 
AlCl 3 «OEt 2 
or 
HAlCl 20Et 2 
CH, 
'v. 
C H 3 0 
OAI(III) 
I 
-CH 
C(CH3) 
( 4 0 ) 
CH-
CH— CHC(CH3) 
CH, 
The o l e f i n i c . a lcohol , 2 , 4 , 4 - t r i m e t b y l p e n t e n - l - o l - 3 (D-l-
TMPOH-3) probably a r i s e s by internal e l iminat ion, as proposed by 
2 4 
Zakharkin rather than by an E,? e l iminat ion as proposed by Rerick and 
2 2 
E l i e l , at l e a s t in d ie thyl ether. Diethyl ether has never been noted 
for i t s a b i l i t y to function as a bas ic cata lys t for such a process . 
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This internal e l imination occurs to a small but s i gn i f i cant extent in 
v i r t u a l l y a l l of the mixed hydride reductions of 8-di i sobutylene oxide, 
as inspect ion of the data given in Tables eight through ten ind ica te s . 
A facet of t h i s work which should be thoroughly discussed i s 
22 2k 
the agreement of our data with that of past workers ' . Results 
from t h i s work concerning reductions of 8-di i sobutylene oxide with the 
one t o four l i thium aluminum hydride to aluminum chloride reagent agree 
well with those obtained by e a r l i e r workers. However, the re su l t s from 
reductions of B-di isobutylene oxide involving the one to one and three . 
t o one l i thium aluminum hydride to aluminum chloride mixtures per-
2k 
formed in t h i s laboratory are in poor agreement with the previous work 
(compare entr i e s 3 and k, 6, and 7, and 1 1 and 1 2 , Table 8 ) . A poss i -
b le reason for t h i s which has. not ruled out i s that previous 
22,24 
workers cooled t h e i r react ion mixtures in an ice bath while the 
epoxide so lut ions were added t o the mixed hydride reagents . On the 
other hand our experiments were carried out at higher temperatures than 
those performed e a r l i e r . Another poss ib le explanation for the d i f f e r ­
ence in re su l t s was ruled out by the experimental evidence discussed 
below. 
E l i e l and h i s coworkers"'"'"'"' 2 2 prepared t h e i r reagents by 
adding ethereal l i thium aluminum hydride t o a mixture of aluminum 
chloride and ether at i ce bath temperature. Mixed hydrides were pre­
pared in t h i s laboratory by mixing ethereal l i thium aluminum hydride 
and aluminum hal ide so lut ions at room temperatures (ca . 25 or 26 de­
grees ) . I t was considered poss ib le that under our conditions of some­
what higher react ion temperatures during the preparation of the mixed 
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hydrides, the mixed hydride might be disproportionating, or that i n i t i a l 
formation of aluminum hydride might be k i n e t i c a l l y favored, and that 
aluminum hydride might be polymerizing and prec ip i ta t ing out of solu­
t i o n before i t could redis tr ibute with a l l of the aluminum chloride 
present . Both of these pehnomena would resu l t in the presence of mixed 
hydrides of higher Lewis ac id i ty than ant ic ipated or des ired. These 
p o s s i b i l i t i e s were examined and ruled out by preparing one t o one 
l i thium aluminum hydride t o aluminum chloride mixtures at room tem­
perature and at a lower temperature (see p . hj). Infrared analyses of 
these mixtures showed that they were i d e n t i c a l in composition and con­
s i s t e d predominantly of dihydridoaluminum chloride as expected from 
consideration of the re su l t s of previous work on the chemistry in­
volved in combining l i thium aluminum hydride and aluminum hal ides in 
varying stoichiometric r a t i o s . Furthermore the product ra t io s de­
termined from analyses of the gross products from reductions per­
formed on B-diisobutylene oxide by both of these reagents were es­
s e n t i a l l y i d e n t i c a l . This proves that the temperature at which hy­
dride and hal ide so lut ions are mixed has no e f f ec t on the composition 
and reducing propert ies of mixed hydride reagents . 
The previous workers have treated the commercially ava i lab le 
anhydrous aluminum chloride e s s e n t i a l l y as a primary standard, i . e . , 
they did not purify t h i s material , or perform any analyses on any of 
the r e s u l t i n g reagents . I t has been the experience of t h i s worker 
that commercially avai lable anhydrous aluminum chloride can deter iorate 
appreciably over a period of t ime, presumably through hydrate formation 
and p a r t i a l hydrolys i s . For t h i s reason, aluminum chloride (and 
9 2 
iodide) were puri f ied by sublimation prior to use, and aluminum chloride 
so lut ions were used as soon as poss ib le a f ter t h e i r preparation and 
standardization. I t i s t h i s worker's b e l i e f tha t , s ince commercially 
ava i lab le aluminum hal ides are of questionable puri ty , the past workers 
treatment of i t as a primary standard resul ted in the preparation of a 
mixed hydride of d i f ferent propert ies than was intended. The actual 
r a t i o s of l i thium aluminum hydride t o aluminum chloride are probably 
2k 
higher than those s tated in the e a r l i e r publ icat ion . This would re­
sult in the reagents whose Lewis a c i d i t i e s were lower and reducing 
powers were enhanced compared to reagents whose actual ra t io s of hy­
dride to halide i s the same as those s ta t ed . This w i l l be i l l u s t r a t e d 
in the d iscuss ion of r e s u l t s from the reductions using the three t o one 
l i thium aluminum hydride t o aluminum chloride reagent. 
Inspect ion of the data (entry 1 2 , Table 8 ) obtained from the re­
duction of p-di i sobutylene oxide with t h i s reagent shows that the 
product ar i s ing from the internal e l iminat ion tends t o predominate to 
a much greater extent than i t does in react ions involving other mixed 
hydride reagents . This can be rat iona l ized in the fol lowing manner: 
aluminum hydride, the spec ies present in the three to one reagent, 
i s not a strong enough Lewis acid to s u f f i c i e n t l y ac t iva te the . 
epoxide toward reduction by aluminum hydride alone, an only moderately 
strong reducing agent. The oxirane ring i s probably not completely 
cleaved, so migration cannot readi ly take p lace , i . e . , d i rec t ion re­
duction and migration and subsequent reduction are too slow under these 
conditions to compete favorably with internal e l iminat ion. I f a strong­
er reducing agent were present in the aluminum hydride so lut ion one 
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33- P- T. Lansbury, private communication. 
would expect d irect reduction t o become the predominant pathway. Data 
obtained from the reduction involving a four to one l i thium aluminum 
hydride to aluminum chloride combination (containing AlH^ and excess 
LiAlH^) shows that t h i s i s indeed the case. Also , the r e s u l t s from 
the reduction of 8-di i sobutylene oxide with the four to one combination 
of l i thium aluminum hydride t o aluminum chloride are in good agreement 
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with those of the reduction done in previous work using a three to 
one combination (compare entr i e s 10 and l 4 , Table 8) This i s good 
evidence for the as ser t ion made in the preceeding paragraph that the 
aluminum chloride used in the e a r l i e r work was contaminated, causing 
an excess in the rat io of hydride to hal ide over that s ta ted . We 
f e e l that the three to one and one to one l i thium aluminum hydride t o 
aluminum chloride combinations prepared by the ear l i e r workers actual­
l y were composed of mixtures of aluminum hydride with l i thium aluminum 
hydride, and dihydridoaluminum halide with aluminum hydride respect ive ­
l y . This would explain the discrepancy in the' res-alts with the . 
one to one and three to one l i thium aluminum hydride to aluminum 
chloride mixtures. 
A preliminary study of the reduction of 1-phenylcyclopentene 
oxide by aluminum hydride c i t ed e a r l i e r showed that when excess 
aluminum hydride was used for the reduction, the predominant product 
1 6 
i s trans-2 phenylcyclopentanol . However i f excess epoxide i s used, 
products that can be best ra t iona l i zed by a migration and subsequent 
33 
reduction ar i se predominantly . The explanation given for t h i s was 
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that the intermediate alkoxyaluminum hydrides were catalyzing the ring 
opening and migration. These alkoxy aluminum hydrides are the i n i t i a l 
reduction products. The corresponding a lcoho l s , the f i n a l products, 
ar i se from hydrolysis of the react ion mixtures. The propert ies of 
alkoxyaluminum hydrides were postulated to be very s imilar to those 
33 
of the hydridoaluminum h a l i d e s . ' However, recent work on the prepara­
t i o n and characterizat ion of alkoxy aluminum hydrides, and our work 
with these compounds, which w i l l be discussed l a t e r , indicate that 
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t h i s i s not the case . The s h i f t t o migration from direct reduction 
as the predominant pathway as the ra t io of reducing species to epoxide 
i s decreased can a l so be thought of as a concentration e f f e c t . The 
k ine t i c expression for the rate of d irect reduction pathway for re­
ductions of epoxide involving aluminum hydride i s probably overa l l 
th ird order, and second order in aluminum hydride. That for the 
migration pathway would be overa l l second order, and f i r s t order in 
aluminum spec ies . According to these arguments, i t would be ex­
pected that i f an excess of aluminum hydride over the epoxide i s used 
in the reduction, products ar i s ing from the higher order process should 
predominate. I f the ra t io of hydride to epoxide i s decreased, products 
ar i s ing from the lower order process should tend to predominate. This 
was exact ly what was observed in the reductions of the above c y c l i c 
epoxide. Reductions involving the one to one and three t o one l i thium 
aluminum hydride t o aluminum chloride were performed on 8 -di isobutylene 
oxide in t h i s laboratory using two di f ferent hydride t o epoxide r a t i o s . 
For the reductions involving the one t o one combination, molar r a t i o s 
of dihydridoaluminum chloride to epoxide of 1 . 5 to one and three to 
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one" were used (entr ies 7 and 1 0 . , Table 8 ) . The r e l a t i v e amounts of d i ­
rect reduction products i s s l i g h t l y higher in the gross product o f 
the l a t t e r reduction than i t i s in the former, but the trend i s s l i g h t . 
The two molar ra t ios of aluminum hydride to epoxide used in the re­
ductions involving the three to one combination were three to one and 
one to one ( entr i e s 1 3 and 1 1 , Table 8 ) . I f alkoxyaluminum hydrides 
had the same type of propert ies as hydrido-aluminum hal ides and par­
t i c i p a t e d in the reductions i t would be expected that migration might 
tend to be the prevalent pathway in the aluminum hydride reduction of 
P-diisobutylene oxide where the molar ra t io of hydride species to 
epoxide i s one to one. The alkoxyaluminum hydrides evident ly are not 
strong enough Lewis acids to catalyze migration, s ince as was s ta ted 
before, internal e l imination i s the prevalent pathway in t h i s 
react ion , rather than migration. I t therefore seems l i k e l y that 
alkoxyaluminum hydrides do not play a role in the mixed hydride re­
ductions of P-diisdbutylene oxide, presumably due t o the i r s t e r i c 
bulk and lack of Lewis a c i d i t y . However, the aluminum hydride re­
duction of (3-diisobutylene oxide using a molar rat io of hydride 
species t o epoxide of three to one, d irect reduction competes quite 
favorably with internal e l imination as examination of the product 
ra t ios (entry 1 3 , Table 8 ) ind ica te s . This i s just the type of 
concentration e f f ec t that would be expected from a consideration of 
the mechanism postulated above. 
The r e s u l t s ar i s ing from reductions involving mixed hydride 
reagents prepared as etherates from l i thium aluminum hydride and 
aluminum chloride have now been discussed in a f a i r l y thorough manner. 
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The work involving reductions by mixed hydrides as tetrahydrofuran and 
triethylamine so lvates should now be discussed b r i e f l y . I t would be 
expected that so lvates of these types would be stronger reducing 
agents than the corresponding mixed hydrides as d ie thyl e thereates , 
because, the above so lvat ing species are probably be t ter e lec tron donors 
than diethyl ether. The reductions involving a mixed hydride as the 
tetrahydrofuranate or triethylamminate should y i e l d a higher ra t io 
of d irect reduction product y i e l d s t o migration and e l iminat ion 
product y i e l d s than a reduction by the same mixed hydride as the d i e thy l 
e therate . This was found to be the case with the tetrahydrofuranates 
as examination of the data in tab les e ight , nine, twelve and t h i r t e e n 
i l l u s t r a t e s . 
The re su l t s from reductions, involving mixed hydrides as t r i ­
ethylamminate s cannot be explained in such a. straightforward manner. 
In the f i r s t p lace , t e r t i a r y amines have long been known t o be 
34 
weaker bases than secondary amines. This i s presumably a s t e r i c 
e f f ec t re su l t ing from crowding of the three a lkyl groups in the quater­
nary ammonium s a l t shown in equation (4l) below, which would force the 
equilibrium shown more to the l e f t . 
CH. L 3 \ 
Et_N: + A l ( l l l ) CH, 
(^1) 
CH. 3 
3~4~[ H. C. Brown and Et Bartholomay, J r . , M.S. Taylor, J . Am. Chem. 
S o c , 66, 435 (1944). 
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This would leave more trivalent aluminum species avai lable for 
complexation with epoxide than would be expected i f a l e s s bulky base 
were used. Also , the triethylamine complexes'of mixed hydride reagents 
are f a i r l y bulky. I t would be expected that the i r reducing power 
would be diminished by s t e r i c e f f e c t s . I f the r e s u l t s from reductions 
using the triethylamminates and d ie thy le therates of the one to three 
(entry 5, Table 8; entry k, Table 9) one to one (entry 7, Table 8; 
entry 6, Table 9) and three to one (entry 1 2 , Table 8; entry 7, 
Table 9) l i thium aluminum chloride reagents are examined, the fol low­
ing trends are not iceable: F i r s t of a l l , for the one to one and one 
t o three combination, there i s l i t t l e difference' in the product 
r a t i o s from reductions of 6 - d i i s o b u t y l e n e oxide involving thres rear 
gents as the d ie thyle therates or triethylamminates. This could be 
at tr ibuted to the e f f ec t of subs t i tu t ing r e l a t i v e l y bulky chlorines 
for hydrogen in aluminum hydride triethylamminate, which would make a 
progress ive ly even more bulky reducing spec i e s . This i s part ly cor­
roborated by the fac t that aluminum hydride triethylamminate, unlike 
the hydridoaluminum chloride t r i e t h y l amminates i s a stronger re­
ducing agent than the corresponding mixed hydrides as the d ie thy l 
e therate , judging from the TMPOH-2/TMPOH-3 r a t i o s p lo t ted in tab le 
1 3 - Another fact that should be noted i s that the o l e f i n i c s ide 
product, 2 ,4 ,4- tr imethylpente:n- l -o l -3 , probably ar i se s v ia an E 2 
el iminat ion i f uncomplexed triethylamine i s present . This i s shown 
by the fo l lowing data. Two reductions of 6 - d i i s o b u t y l e n e oxide by a 
one t o three l i thium aluminum hydride to aluminum chloride combination 
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t o which triethylamine has been added were carried out . One reduction 
mixture was prepared by adding an amount of triethylamine equivalent 
to the hydridoaluminum halide present . The other was prepared with a 
two-fold molar excess of tr iethylamine. The gross product from the 
l a t t e r reduction contained s i g n i f i c a n t l y more e l imination product than 
the former (compare entr ies h and 5> Table 9 ) • 
Some face t s of the reduction using mixtures of l i thium aluminum 
hydride and aluminum bromide or iodide have already been discussed. 
Some of these w i l l now be reviewed and addit ional information w i l l be 
presented. 
F i r s t of a l l i t would be expected that mixed hydrides prepared 
from aluminum bromide would exhibit l e s s Lewis a c i d i t y , and consequent­
l y greater reducing power tha.n the corresponding reagents prepared with 
aluminum chloride . Evidence presented in tab le s e ight , t e n , twelve 
and t h i r t e e n which has already been discussed in part show that t h i s 
i s the case. However, some of the r e s u l t s for reductions involving 
mixed hydrides prepared with aluminum iodide do not fo l low the ex­
pected trends . The one t o three l i thium aluminum hydride t o aluminum 
- iodide combination i s seen t o be a r e l a t i v e l y potent reducing agent 
(entry 3 , Table 10 ) . In fact the product r a t i o s from the reduction 
with t h i s reagent most c l o s e l y resemble those from the reduction in­
volving the one t o one l i thium aluminum hydride-aluminum chloride 
combination (entry 7> Table 8 ) , the only s i gn i f i cant dif ference being 
a higher y i e l d of the o l e f i n i c alcohol in the gross product from the 
iodide reagent than in the chloride reagent. The r e s u l t s from the 
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reduction involving the one to one l i thium aluminum hydride-aluminum 
iodide are anomalous (entry k, Table 10 ) . In the f i r s t p lace , no 
s ign i f i cant amount of trimethylpentanol-2 could be detected in the 
product. Secondly the y i e l d of o l e f i n i c alcohol i s higher than usual 
for t h i s . t y p e of reagent. This could perhaps be explained in the 
fol lowing manner:' 
The Lewis ac id i ty of t h i s reagent i s probably not much higher 
than that of aluminum hydride s ince iodine i s not very e lectron-
negat ive . The reducing power of the reagent r e l a t i v e to that of alu­
minum hydride would be l e s s , p a r t i a l l y due t o e l ec tron ic factors but 
probably predominantly due to the increase in s t e r i c hindrance ex­
pected in subst i tut ing an iodine for a hydrogen. This could explain 
the increase y i e l d of the product of internal e l iminat ion. Hydrido­
aluminum di iod ide , the species present in the one to three l i th ium 
aluminum hydridoaluminum iodide combination i s evident ly a strong 
enough Lewis acid t o ac t iva te the epoxide s u f f i c i e n t l y so that i t can 
react with the very bulky reducing agent present at a rate s i g n i f i ­
cantly f a s t e r than internal o l e f i n formation can occur. Also internal 
o l e f i n e l imination would be more favorable s t a t i s t i c a l l y in reductions 
involving the one t o one iodine containing reagent than in the one to 
three iodine containing reagent. There are two aluminum bound hydro­
gens in the former but only one in the l a t t e r . 
The r e s u l t s from the reductions of (3-diisobutylene oxide by 
the various alkoxyaluminum hydrides w i l l now be presented. A few pre­
liminary remarks about the properties of the various alkoxyaluminum 
1 0 0 
hydrides should be made before the r e s u l t s are discussed. 
As stated e a r l i e r , alkoxyaluminum hydrides have been postulated 
as react ive intermediates in the reduction of epoxides by certaim mixed 
3 3 3 5 hydrides , and a l so by l i thium aluminum hydride alone under certa in 
condit ions . These reagents have been stated to have propert ies s imilar 
to those of the hydridoaluminum hal ides; i . e . , they have been postulated 
t o be f a i r l y potent Lewis ac ids . Recent work has shown that these 
alkoxyaluminum. hydrides have very d i f ferent propert ies than the mixed 
hydride spec i e s . This w i l l be explained. 
The hydridoaluminum hal ides have been shown in work already c i t ed 
t o be monomeric in d iethyl ether. The methoxy- and t-butoxyaluminum 
hydrides are a l l associated in tetrahydrofuran. Dimethoxyaluminum hy­
dride, which r e s u l t s when aluminum hydride and methanol are mixed in 
any stoichiometric rat io i s a polymeric species insoluble in a l l 
common aprotic so lvents . Di-t-butoxyaluminum hydride i s a dimer in , 
t h i s solvent and mono-t-butoxyaluminum hydride i s e i ther a dimer, or 
a trimer, depending on the circumstances. 
3 5 . R. Fachs and C. A. VanderWerf, J. Am. Chem. S o c , 7 ^ , 
5 9 1 7 ( 1 9 5 2 ) . 
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Table 1 5 • Product Ratios from the Reduction of 6-di i sobutylene 
Oxide by Various Alkoxyaluminum Hydrides 3 , 
entry 
no. 
reducing 
agent 
epox. gross prod, 
y i e l d (%) TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH 
1 A l H 3 b 65-100 3 0 6 9 1 _ 
2 AlH 2 0t -Bu b > c 
(normal) 
47-64 12-24 28 5 9 10 3 
3 AlH 20t-Bu 
( forcing) 
2 5 5 2 7 2 5 5 9 9 
4 AlH(0t-Bu) 2 
(normal) 
6 5 - 7 7 2 d d d d 
5 AlH(Ot-Bu)? 
( forcing) 
35 51 1-5 2 . 4 9 0 6 
6 AlH 2 0i-Pr 
(normal) 
5 8 1 6 28 4 9 17 6 
7 AlHgOi-Pr'' 
( forcing) 
- 7 6 1 9 4 5 3 3 3 
CO
 A l H ( 0 i - P r ) 2 
(normal) 
5 8 l e 2 9 2 9 14 2 9 
9 AlH(0i-Pr)2 
( forcing) 
2 9 e 9 3 7 3 1 5 
10 AlH20Meb 1 3 - 1 8 6 3 - 6 7 2 3 6 7 ! 3 2 
11 AlH(0Me) 2 
(normal) 
64 2 e 2 3 20 30 2 7 
12 AlH(0Me) 2 
( forcing) 
50 4 e 22 14 6 0 14 
Hhree equ i l i va l en t s hydride per mole epoxide; Only one run was made, 
unless otherwise s ta ted . 
average of two runs. 
c 
average deviat ion of plus or minus four or f i v e absolute percent for 
each component. 
'S'wo runs were made, but the r e s u l t s from each run were in poor agree­
ment. This i s presumably due t o the low extent of react ion of 6-
di i sobutylene oxide with t h i s alkoxyaluminum hydride. 
Only one run was made. The extent of react ion i s so low that the 
product ra t ios are only accurate t o about 10 or 15 percent. 
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Figure k. Mono and Di-t-butoxyaluminum Hydride 
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A l l of the species studied were.found t o be assoc iated through alkoxy 
20 
bridging groups . I t stands to reason that a f a i r l y bas i c solvent,-
such as tetrahydrofuran, cannot cleave these bridge bonds to an extent 
that would be measurable in an as soc ia t ion study then nei ther could an 
epoxide such as B-di isobutylene oxide. Complex formation and the re­
s u l t i n g ac t iva t ion toward reduction would not take place t o nearly 
the extent in these react ions that they take place in mixed hydride 
reductions. This i s shown by the fac t that none of the reductions 
of B-diisobutylene oxide by alkoxyaluminum hydride goes t o completion, 
not even those run under forcing condit ions . That t h i s i s not merely 
a solvent e f f ec t i s shown by the fact that the reduction involving 
aluminum hydride in tetrahydrofuran i s complete within two hours at 
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room temperature. Also s ince they are assoc iated they should be re la ­
t i v e l y unreactive as reducing agents , because of t h e i r rather con­
s iderable bulk. The re su l t s from the reductions of p -d i i sobuty lene 
oxide with the dialkoxyaluminum hydrides are inconclusive because the 
react ions take place to such a l imi ted extent under the conditions 
used. About the only trend that can be noted i s that the y i e l d of 
2 ,k ,4- tr imethy lpentene- l -o l -3 i s s i g n i f i c a n t l y higher for the reduc­
t i ons run under forcing conditions than for those run under normal con­
d i t ions (compare entr i e s k and 5, and 8 and 9> Table ik). The same 
type of dif ference was noted for reductions of p -d i i sobuty lene oxide 
with aluminum hydride in ether run under normal and forcing con-
2k 
di t ions 
The r e s u l t s from the reductions involving the alkoxyaluminum 
dihydrides are somewhat more informative. The ra t ios of the y i e l d s 
of trimethyl pentanol-2 to trimethylpentanol-3 i s f a i r l y high for 
the reductions involving both the isopropoxy and t-butoxyaluminum 
dihydride, run under normal condit ions , indicat ing that these reagents 
are only poor Lewis ac ids . (The "monomethoxyaluminum hydride", pre­
pared by adding one mole of methanol to one mole of aluminum hydride 
ac tua l ly cons i s t s of polymeric, s o l i d dimethoxyaluminum hydride and 
aluminum hydride in so lut ion , and the r e s u l t s from the reduction of 
p-di i sobuty lene oxide with t h i s reagent are meaningless in t h i s 
s e r i e s ) . However i f these reductions are run under forcing conditions 
the fol lowing trends are noted. F i r s t of a l l , r e l a t i v e y i e l d s of the 
o l e f i n i c alcohol are higher in the reductions run under forcing condi­
t i o n s than those run under normal conditions (compare entr ies 2 and 3 
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and entr ies 6 and 7, Table 1 4 ) . Secondly the ra t ios of the y i e l d s of 
trimethylpentanol-2 to trimethylpentanol-3 i s lower for the reductions 
run under forcing conditions than for the corresponding reductions run 
under normal conditions (see Table 1 6 ) . 
Table 1 6 . Ratios of TMPOH-2 to TMPOH-3 from the Reductions of 
di isobutylene Oxide by Monoalkoxyaluminum Hydrides. 
Entry no-
Entry no. from 
Table l4 Reducing agent TMP0H-2/TMP0H-3 
1 2 AlH 20t-Bu (normal) 0.47 
2 3 AlH 20t-Bu ( forcing) 0.28 
3 6 AlH 2 0- i -pr (normal) 0-57 
4 7 AlH 2 0- i -pr (forcing) 0.42 
This can poss ib ly be explained by assuming that two direct reduction 
pathways are competit ively involved. One, an acid a s s i s t e d Sn 2 path­
way, involving an attack by the reducing species on an act ivated 
epoxide alkoxyaluminum hydride complex, and the other involving an Sn 2 
attack by the reducing species on uncomplexed epoxide. Judging from 
the TMPOH-2/TMPOH-3 ra t io s given in Table 1 6 , the former pathway probably 
predominates even under normal condit ions . In reductions run under 
forcing condit ions , the epoxides or the solvent might be b e t t e r able to 
cleave the alkoxy bridging bonds than they are at lower temperatures. 
If t h i s were the case complex formation would be expected to occur to a 
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greater extent at the higher temperature. This being true , i t would be 
expected that the pathway involving attack of complexed epoxide by the 
reducing species would be more prevalent at higher temperature than 
lower temperature.. Electronic e f f e c t s on r e l a t i v e product y i e l d s 
from direct reduction would assume increasing importance r e l a t i v e to 
s t e r i c e f f e c t s . A great deal more experimental evidence i s needed 
before t h i s hypothesis can be considered as proved, but i t does ex­
p la in the r e s u l t s . 
A great deal of addit ional work needs be done on the reductions 
of epoxides with alkoxyaluminum hydrides. One of the f i r s t things that 
comes to mind i s t o perform these reductions on a l e s s s t e r i c a l l y 
hindered, and more react ive epoxide, such as styrene oxide and/or 
isobutylene oxide and compare these r e s u l t s with those obtained from 
mixed hydride reductions, and the reduction using l i thium aluminum hy­
dride alone, performed on i.the' same epoxides. I t i s the f e e l i n g of t h i s 
worker that alkoxyaluminum hydrides are more s imilar to l i thium 
aluminum hydride than to the mixed hydrides, as far as reducing power 
i s concerned. Results from reductions performed on the above l e s s 
s t e r i c a l l y hindered epoxides should e i ther prove or disprove t h i s 
contention. 
This concludes the d iscuss ion of these r e s u l t s . The fol lowing 
chapter deals with sample ca lcu lat ions of product rat ios from some of 
the reductions of styrene oxide and B-di isobutylene oxide. Vapor phase 
chromatographic data from each type of reduction w i l l be presented in 
tabular form. 
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CHAPTER VII 
APPENDIX AND SAMPLE CALCULATIONS 
The raw VPC data from the reductions of f3-diisobutylene oxide 
w i l l now be presented in tabular form. This w i l l be followed by an 
attempt to derive any re la t ionships whose or ig ins were not made c lear 
in the body of t h i s t h e s i s , and i l l u s t r a t i o n s on how the,product 
ra t io s and materialubalances were ca lculated . The ca lculat ion of the 
r e l a t i v e migratory aptitudes of hydrogen and t e r t - b u t y l w i l l be pre­
sented, as w i l l a sample ca lculat ion i l l u s t r a t i n g how the ra t ios of 
y i e l d s of trimethylpentanol-3 (TMPOH-3) ar i s ing from direct re­
duction to t o t a l y i e l d of migration products were obtained. 
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Table 1 7 - VPC Data From Reductions of B-diisobutylene Oxide 
by Various Combinations of LiAlH, and A1C1 . 
entry ra t io of TMPOH-2 TMPOH-3 A-1-TMP0H-3 TMBOH n-oct 
no. LAH: A1C13 a r e a a area area area 
2 LAH alone - - - -
k 1: k 0.02 O.kl 0.21 1.86 2.76 
5 1:3 0.03 0.33 0 .16 1.49 2 .16 
7 1:1 0.06 0-57 0 . 1 7 1 .50 2.30 
8 1:1 , L-T. 0.05 O.kk 0 .16 1.00 1.34 
9 1:1 , R.T. 0 .04 o.ko 0 .16 1.08 1.50 
10 1:1 0.08 0.90 0 . 1 7 1 . 7 2 2.U0 
12 3 : 1 0 .21 o.6o 0.74 0.13 1.70 
13 3 : 1 0.25 0.72 0.29 0.06 1.18 
Ik 4:1 Q.kl 0.85 0 . 1 5 0.0k I . 2 7 
15 HA1C12 0.03 0 .15 0.12 1-15 O.67 
a. 
m 
square inches 
The entry numbers in t h i s tab le coincide with these in tab le 8 above. 
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Table 1 8 . VPC Data from Reductions of f3-diisobutylene Oxide by Lithium 
Aluminum Hydride-Aluminum Chloride Combinations as Tetra-
hydrofuranates and Triethylamminates. 
entry ra t io of TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH n-octanol 
no. LAH:AlCl3 a r e a a area area area area 
1 1 : 3 , THF 0.03 0.33 0 . 1 1 0-75 1 . 2 3 
2 1 : 1 , THF 0.21 0.99 0.13 0.62 1.14 
3 3 : 1 , THF 0.29 O.56 0.08 0.004 0.50 
4 1 : 3 , WEt^  - 0.21 0.27 1 . 2 2 O.96 
5 1 : 3 , NEt 3 - 0.10 0 A 5 0.64 1 - 5 1 
6 1 : 1 , NEt3 0.025 0.43 0.32 1 . 3 0 1 .30 
7 3 : 1 , WEt 3 b 0.22 0.47 0 .31 0.03 0.86 
a i n square inches 
b A peak area of 0.45 square inches due t o s tar t ing material was a l so 
observed. 
Entry numbers in t h i s tab le conincide with those in Table 9-
Table 19- VPC Data from Reductions of (3-diisobutylene Oxide by Various 
Lithium Aluminum Hydride-Aluminum Bromide or Iodide Com­
binat ions . 
entry ra t io of TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH n-octanol 
no. LAH: A1X3 area a area area area area 
1 1 : 3 , Br 0.015 0.37 0.27 1 . 3 5 1-75 
2 1 : 1 , Br 0.06 0-79 0 .12 0.79 1 .54 
3 1 : 3 , I 0.04 O.58 0.42 1 .28 1 -35 
4 1 : 1 , I - 0.42 0.42 0.44 O.63 
a i n square inches 
Entry numbers in t h i s table coincide with those given in Table 1 0 . 
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Table 20. VPC Data from Reductions of B-diisobutylene Oxide 
by Various Alkoxyaluminum Hydrides. 
entry reducing epoxide TMP0H-2 TMPOH-3 A-1-TMPOH-3 TMBOH n-oct, 
no. agent area a area area area area area 
1 A1H3 - 0.19 0.46 0.04 - 0.34 
2 AlH 20-t-Bu 3-68 0.19 0.34 0 . 1 1 0.03 1.84 
(normal) 
3 AlH 20-t-Bu O.36 0.05 0.19 0.45 0.07 1 . 1 1 
( forcing) 
4 AlH(0-t-Bu) 2 3,76 0.01 - 0.03 - 1.54 
(normal) 
5 AlH(0-t-Bu) 2 1 .16 0.025 0.04 1.46 0.09 1-53 
( forcing) 
6 AlH 20- i-Pr 1 .72 0 .13 0.23 0.07 0.03 2.28 
(normal) 
7 AlH 20- i-Pr - 0.25 ' 0 .6l 0 .41 0.04 1.25 
( forcing) 
8 AlH(O-i-Pr) 1.60 0.01 0.005 0.01 0.01 2 . 13 
(normal) 
9 AlH(0- i -Pr) 2 1.40 0.02 0.008 0 . l6 0.035 2.12 
( forcing) 
10 AlH20Me 0 .32 0 . 31 0 .77 0.03 0.03 1.86 
11 AlH(0Me)2 I . 36 0.013 0.011 0.015 0.015 1-63 
(normal) 
ilH(GMe) 
( forcing) 
12 Al (0 e) 2 0-72 0.011 0.007 0.03 0.007 1.09 
in square inches . 
The entry numbers in t h i s tab le coincide with those in Table 1 1 
110 
The method of ca lcu la t ion of data for the reductions of styrene 
oxide involving the mixed hydrides w i l l now be i l l u s t r a t e d . The data 
used arose from the reduction of styrene oxide by the one to four hy­
dride to hal ide combination (entry 3> table 7) • 
2 
area under peak due t o styrene oxide = 0.5 i n . 
area under peak due t o 1-phenylethanol = 0.0k i n . 
2 
area under peak due to 2-phenylethanol =-2.k2 i n . 
2 
area under peak due to n-octanol = h.2h in . 
wt. of n-octanol used as internal standard = 0.797 g-
(see p. k2) 
(styrene oxide/n-octanol) = 1 . 2 2 
Z 
( l -phenylethanol /n-octanol) = 1 . 1 2 
(2-phenylethanol/n-octanol) = 1 . 2 2 
(see table 3 , p- 35) 
amount of styrene oxide used in t h i s reduction = 7 - 1 5 mmoles 
( see p. k-2) ' 
Subst i tut ion of t h i s data into equation 37 ( see p. 3k, and preceeding 
discuss ion) y i e l d s the fol lowing re la t ionsh ips and r e s u l t s : 
wt. styrene oxide = ( o c t . / s t y r e n e oxide) x 
wt. o c t . x A styrene oxide 
A o c t . 
i oo v 0-797 x 0.5 
= 0 . 1 1 5 g» or 0.953 meq. 
I l l 
• I -i i , , , , „ 0.797 x 0.04 
wt. 1-phenylethanol = 1 . 1 2 x ^ • ^ g. 
= 0.084 g. or O.O69 meq. 
O 7Q7 y p U p 
wt. 2-phenylethanol = 1 . 2 2 x ( . 2 V ' s ' 
= 0.555 g- or 4 . 5 3 meq. 
t o t a l meq of a l coho l i c products = 4 .60 
2 
$ y i e l d of a l coho l i c products = —— x 1 ° 
'
 J J
- 7 . 1 5 meq ' 
l -phenylethanol/2-phenylethanol = 0.69 /4 .60 : 4 - 5 3 / 4 . 6 0 = 2:98 
2 
% recovery of s tar t ing material = ^ '^p-^ = 1 3 $ 
The method of ca lcu la t ion of the product ra t io s from the V.P .C 
data obtained from mixed hydride reductions of 8-di i sobutylene oxide 
w i l l now be presented. Inspect ion of the r e s u l t s from Table 6 ( see 
p.. 38) shows that for three of the four products, the product ra t io s 
and material balances can be calculated d i r e c t l y by comparing the 
areas under the appropriate peaks. This fo l lows i n t u i t i v e l y from the 
fo l lowing fac t s : 
Z(oct./TMP0H-2) = Z(oct./TMPOH-3) = Z(oct./TMPOH) ^ 1 
( see table 6, p. 38) 
However, t h i s i s not the case for the o l e f i n i c a lcohol , 
2 , 4 , 4 - t r i m e t h y l p e n t e n - 1 - o l - 3 (A-1-TMPOH-3): 
Z(oct./A-l-TMP0H-3) = 1«08 
The area obtained by integrat ing the peak on the chromatogram 
can be corrected so that the resul tant area can be used d i r e c t l y in 
ca lcu la t ions of product ra t io s and material balances . This w i l l now 
, be i l l u s t r a t e d . 
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THE FOLLOWING DATA I S TAKEN FROM TABLE 1 7 , ENTRY 1 3 ' 
TMPOH-2 = 0 . 2 1 A 
TMPOH-3, = 0..60 
A-1-TMPOH-3 = 0.74 
^TMPOH = 0 .13 
OCT. = 1 .70 
A' 
A-1-TMP0H-3 = 1.08 X 0 .74 = 0.80 
€ A PROD. = 1 . 7 4 
PRODUCT RATIOS ARE CALCULATED IN THE FOLLOWING MANNER: 
TMPOH-2: TMPOH-3: 
ATMP0H-2 X 1 0 2 
€A PROD' 
0 . 2 1 X 1 0 
1 • 74 
= 1 2 
0.60 X 10' 
1.74 
= 3^ 
A-1-TMP0H-3: 
0.80 X 1 0 2 46 
TMBOH: 
0.13 
1.74 1.74 
THE GROSS PRODUCT YIELDS ARE CALCULATED I N THE FOLLOWING MANNER: 
1.74 X 0.462 X l<f €A 2 PROD X WT. OCT. X 1 0 
A 
OCT X WT. EPOXIDE I . 7 0 X 0.500 ' •;' 
(WT. OCT. WAS TAKEN FROM P. 46) 
DATA FROM A REPLICATE RUN YIELDS THE FOLLOWING DATA: 
TMPOH-2 TMPOH-3 A-1-TMPOH-3 TMBOH 
1 1 35 45 9 
THE GROSS PRODUCT YIELD FROM THIS RUN WAS 100 PERCENT. THE 
AVERAGES OF THE PRODUCT RATIOS I S PRESENTED I N ENTRY 13 OF TABLE 8 
(SEE P. 68). 
THE CALCULATIONS OF (TMPOH-2/TMPOH-3) AND (TMP0H-3/TMB0H), PRE­
SENTED IN TABLES 1 1 AND 1 2 , RESPECTIVELY, ARE PERFORMED BY CARRYING OUT 
THE INDICATED DIVISIONS USING THE PRODUCT RATIO DATA FROM TABLES EIGHT 
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th rough t e n . These are too t r i v i a l t o he i l l u s t r a t e d by sample ca lcu la ­
t i o n s . 
The r e l a t i v e m ig ra to r y ap t i t udes o f hydrogen and the t e r t - b u t y l 
group were ca lcu lated from the NMR data obtained f rom the deuterated 
2 , 4 , 4 - t r i m e t h y l p e n t a n o l - 3 a r i s i n g f rom the reduc t ion o f ( 3 - d i i sobu t y l ene 
ox ide w i t h the one to th ree l i t h i u m aluminum deuter ide t o aluminum 
c h l o r i d e combinat ion. The data p e r t i n e n t to the c a l c u l a t i o n s are 
taken from T a b l e s 8 and 1 3 : 
product r a t i o s f o r TMPOH-3 and TMBOH ( e n t r y l6, Tab le 8): 
TMPOH-3 : 1 1 
TMBOH : 8 
I n t e g r a t i o n peak h e i g h t s f rom Tab le 1 3 : 
h y d r o x y l p ro ton = 1 .0 
pro ton on carbon-bearing the h y d r o x y l group = 0.5-0.6 
I t can be seen tha t about h a l f the 2 , 4 , 4 - t r i m e t h y l p e n t a n o l 
a r i s e s f rom a hydr ide s h i f t and subsequent reduc t ion (see chapters 
I and V i ) . The r e l a t i v e m ig ra to r y ap t i t udes o f H and t e r t - b u t y l can 
be calculated f rom the product r a t i o s i n the f o l l o w i n g manner: 
en t r y 5, Tab le 8: 
TMPOH-3 (product r a t i o ) = l6 
TMBOH (product ratio) = lk 
TMPOH-3 a r i s i n g f rom m i g r a t i o n = [TMBOH] x 0.076 = lk x O.O76 = 
5-6 
TMPOH-3 d i r e c t reduc t ion 
TMPOH-3 t o t a l 
(16-5-6) x 1 0 2 
15 65$ 
T h i s r e s u l t i s presented i n Tab le lk, e n t r y seven. 
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T h e s t r a i g h t f o r w a r d c a l c u l a t i o n a t t h e r a t i o o f t h e a m o u n t o f 
2 , k , 4 - t r i m e t h y l p e n t a n o l - 3 a r i s i n g f r o m d i r e c t r e d u c t i o n t o t h e a m o u n t 
o f p r o d u c t s a r i s i n g f r o m m i g r a t i o n a n d s u b s e q u e n t r e d u c t i o n i s i l l u s ­
t r a t e d b e l o w : 
T M P O H - 3 d i r . r e d .
 =
 T M P O H - 3 d i r . r e d . 
m i g r a t i o n p r o d u c t s T M P O H - 3 m i g r a t i o n + T M B O H 
S u b s t i t u t i o n t h e a p p r o p r i a t e d a t a f r o m t h e r e d u c t i o n o f B - d i i s o b u t y l e n e 
o x i d e i n v o l v i n g t h e o n e t o t h r e e h y d r i d e t o c h l o r i d e c o m b i n a t i o n d i s ­
c u s s e d a b o v e y i e l d s t h e f o l l o w i n g r e s u l t . 
T M P O H - 3 d i r . r e d . , ^ _
 c c 
_ l b . Q - 5 . b _ _ 
M i g r a t i o n P r o d . 7 4 + 5 . -6 ' 
T h i s r e s u l t i s p r e s e n t e d i n T a b l e l 4 , e n t r y s e v e n . 
T h i s c o n c l u d e s t h e p r e s e n t a t i o n o f d e r i v a t i o n s a n d s a m p l e 
c a l c u l a t i o n s . 
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